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REPORT OF THE SECRETARY OF ENERGY ADVISORY BOARD’S
PANEL ON EMERGING TECHNOLOGICAL ALTERNATIVES
TO INCINERATION

Executive Summary

The Panel on Emerging Technologica Alternatives to Incineration, atask force of the Secretary of Energy
Advisory Board, was crested following a dispute over the proposed incineration of radioactive mixed
waste a the Idaho Nationa Engineering and Environmentd Laboratory (INEEL). The Board asked the
Panel to “evauate and recommend emerging non-incineration technologies for trestment and disposd of
mixed waste,” including the “waste that the DOE had planned to incinerate in the Advanced Mixed Waste
Trestment Fecility (AMWTF) a INEEL.” The Pand’s principa conclusions and recommendations, based
on sx months of inquiry and much very ingructive public comment, include the following:

1.

The disposa of mixed transuranic (TRU) waste — containing radioactive materia, PCBs and other
hazardous congtituents — poses a unique problem, and existing regulations were not designed
specifically to address such wastes. The principa public concern regarding the treatment of such
wadtes by incineration and dternative technologies involves the potentid release of plutonium. An
assessment of technologies for waste treatment should take into account, among others, the overal
risks and cogts associated with handling and disposing of dl the effluents, including but not limited
to, front-end handling, agueous waste treestment, primary treatment, and off-gas treatment.

In addition to the wastes defined in the Pand’ s mandate, which are located at the Transuranic
Storage Areaa INEEL, volumes of waste of the same genera kind and at least equa magnitude
are buried in pits and trenches on an 88-acre disposa Ste. The Panel notes that the problem is
serious, and urges the Department of Energy to put increased emphasis on adequatdly defining the
subsurface phenomenainvolved, and as quickly as possible to put in place comprehengve plansto
ded with the issue before significant crises can develop.

While the Pand recognizes that waste disposal regulations can evolve and will influence any long-
term drategy for research, development, demonstration, and deployment (RDD& D), the Pandl’s
recommendations do not assume changes in the current state and federd requirements.

The Panel adopted seven criteriafor evauaing dternatives to incineration: Environmentd, Safety
and Hedlth Risk Congderations, Stakeholder and Regulatory Interests; Functiond and Technica
Performance; Operationa Reliability; Pre- and Pogt-Treatment Requirements; Economic Viability;
and Maturity.

The Pand evauated technologies that may be grouped in five generd categories. thermd treatment
without incineration, aqueous-based chemical oxidation, dehal ogenation, separation (soil washing,
solvent extraction and thermal desorption), and biologica treatment.

The Pand finds that there are promising technological dternatives to incineration. None of the
dternativesis ready for immediate implementation; al need to be further developed, adapted and
tested with actud mixed waste.

The Pand’ sintent was not to endorse or regject specific commercid applications, but rather to
viii



10.

11.

12.

13.

focus on technology categories, identifying those that appear most promising for near-term
gpplication and for long-term developmentd funding. The Pand dlassified the technologica
dternatives to incineration in three groups:. (1) those that clearly appear promising and should have
highest priority for funding [steam reforming, therma /vacuum desorption, DC-arc mdlter, plasma
torch]; (2) potentialy promising technologies for which important unresolved issues remain
[mediated e ectrochemica oxidation, microwave decomposition, supercritical water oxidation,
solvated dectron dehdogenation]; and, (3) technologies to which the Pand accords lowest priority
[iron chloride catalyzed oxidation, molten aluminum, solvent extraction, high temperature
hyperbaric chamber, slent discharge plasma, soil washing with a chdating agent, trestment with
sodium in minerd oil followed by chemica oxidation with peroxydisulfate, and biologica
treatment].

The result of thisevauation isavaried and robust set of technologies that deserve aplacein
DOE'sRDD&D program. The nation should emerge with improved and feasible solutions to a
codly dilemma. DOE should serioudy congder technologiesidentified in the most promising
category as dternatives for an incinerator at the AMWTP. Tests of these technologies should be
conducted on both surrogates and actua wastes to prove their gpplicability.

No single technology may by itsalf be adequate to meet the desired environmental hedth and safety
standards and achieve the desired destruction of hazardous and PCB waste. Robust solutions are
likely to require combinations of severd technologies.

DOE should congder technologies that are presently deemed |less mature for further development
and testing with the aim of ether advancing them to readiness for deployment or diminating them
from further consideration. Also, aprogram of basic and applied research should be pursued to
identify and nurture the next generation of technologies that are sure to be needed.

In the period following creetion of the Pandl, DOE has been preparing an RDD& D plan for
developing and deploying safe, cost-effective and timely technologicd dternativesto incineration.
The Pand appreciates and generaly supports DOE’ s substantial ongoing effortsto devise this
srategy, and believes that if its recommendations are followed, DOE should be able to achieve
results cong stent with the deadline of the Idaho agreement, other regulatory requirements, and
broader public interest considerations gpplicable to mixed waste throughout the nation.

The Pandl expects that the DOE will change its proposed Plan for Developing Technologica
Alternatives to Incineration in response to the Pand’ s recommendations. DOE should first
categorize in detail the wastes that need to be treated, and then link the actual wastes to processes
in proposed work scopes.

The Transuranic and Mixed Waste Focus Area (TMFA) is not now funded adequately to
underwrite the testing of the technologicd dternativesto incineration. As an essentid first step, the
Pand supports a budget for this purpose that would provide gpproximately $91 million over the four
fiscd yearsbeginning in 2001. Urgent needs start with proof testing of the candidate technologies,
using the actud materidsinvolved. The TMFA isthelogicd home for thistesting work. The testing
program should be cognizant of and responsive to the needs of the entire DOE complex. The Panel
is concerned that mechanisms may not yet be in place to ensure that the results of such testing form
the basisfor the actua trestment.



14. Alsoin this regard, the Pandl strongly supports increased and continuing basic scientific and

15.

16.

17.

developmental work over the longer term on processes to ded with mixed waste. DOE's
emphasis on ‘near ready’ or ‘mature’ technol ogies should not preclude further evaluation of
innovative dternatives, and the proposed RDD& D schedule amost certainly will have to be
extended to dlow full assessment of such technologies.

In evaluating the most promising dternatives to incineration, DOE should take a systems gpproach,
and should congder the dternative technologies (especidly the air effluent containment
technologies) as a system under both normal and upset conditions.

Citizen stakeholder involvement is essentia for successful deployment of waste trestment
technologies. Citizen stakeholders should involve people of various expertise from around the
country and region. DOE should follow the example of the Army’s chemica wegpons disposa
program by broadening stakeholder outreach beyond the agency’ s Site-based Citizen Advisory
Boards (CABs) and making sufficient, specific budgetary provision for technica assstance to
committees of citizen advisors. The Pand endorses a 2001 national conference on dternative
technologies to incineration, and encourages DOE to involve, in both the Steering Committee and
the conference itsdlf, not only the loca CABs but also other persons and groups with regiona and
national perspectives and expertise. Opportunities should be provided for ongoing public
participation in periodicaly assessing the progress of the technology developments on dternatives,
e.g., the peer review process.

DOE'sinitid technology sdlections should be made on the basis of the Pand recommendations.
Given thelikelihood that the DOE plan itsdf will changein light of this report, the Pand asks the fulll
SEAB to review progress and continue to advise the Secretary on these matters after DOE has
had the opportunity to recast itsinitid proposd to reflect the Pand’ s findings and
recommendations. DOE should assume full respongbility for whether or not the waste treatment
processes are satisfactory for the task at hand. Nothing must be alowed to get in the way of
seection, testing, implementation and deployment of atechnology or technologies that, in this
sengtive Stuation, will get the job done, while so demongtrating good faith to al partieswith an
interest in seeing the job is getting done well.



REPORT OF THE SECRETARY OF ENERGY ADVISORY BOARD'S
PANEL ON EMERGING TECHNOLOGICAL ALTERNATIVES
TO INCINERATION

. Statement of the Problem
A. ThePand’s Charge and Approach

The Blue Ribbon Pand on Emerging Technological Alternatives to Incineration is atask force of the
Secretary of Energy Advisory Board (SEAB). The Pand was created following a dispute over the
proposed congtruction of an incinerator for treatment of radioactive mixed waste &t the |daho National
Engineering and Environmental Laboratory (INEEL ), which resulted in the Department of Energy’s
(DOE) April 2000 commitment to appoint a ‘blue ribbon’ panel of independent expertsto explore
technologica dternatives to incineration that might become available for use at DOE facilities
nationwide.*

1. Secretary of Energy Advisory Board's Terms of Reference

More details on the Pandl’s mission appear in the Terms of Reference subsequently established by
the SEAB, based on the Settlement Agreement:

The SEAB Pand . . . will evaluate and recommend emerging nonincineration technologies for
trestment and digposa of mixed waste on which the Assstant Secretary of Environmental
Management’ s Office of Science and Technology should focus efforts for development, testing,
permitting and deployment. The Pand will evaluate technologies to treat low-leve, dphalow-
level and transuranic wastes containing polychlorinated biphenyls (PCBs) and hazardous
congtituents, including the up to 14,000 cubic meters of such wastes that the DOE had planned
to incinerate in the Advanced Mixed Waste Treatment Facility (AMWTF) a INEEL. The
Pand will dso evaluate whether these technologies could be implemented in a manner that
would dlow the department to comply with al the lega requirements, including those contained
in the Settlement Agreement and Consent Order signed by the State of 1daho, DOE and the
Navy, in October 1995. That agreement requires the Department to remove 65,000 cubic
meters of waste at the INEEL from |daho by the end of 2018.2 3

! Settlement Agreement: Keep Y ellowstone Nuclear Freev. Richardson, et al.; No 99 CV 1042J (D. WY).

2 Terms of Reference arein Appendix I.

# While the Panel’s charge is to address non-incineration technol ogies for treating the 65,000 cubic meters of
aboveground waste at INEEL , we al so acknowledge that other DOE facilities have unique waste forms that must be
treated. For example, TRU and fission-product contaminated kerosene from the PUREX process at the Savannah River
Site and wastes at Hanford must also be treated.



2. ThePand’sHistory and Procedures

The Pand consisted of nine members, gppointed by the Secretary of Energy (five members), the
Governors of 1daho and Wyoming (one member each), and public interest groups (two members).
Biographica summaries appear in Appendix I1.

The Panel held five forma mesetings (Table 1). Asrequired by the Federa Advisory Committee
Act (FACA) al mestings were open to the public and the Pandl sought public comments at each
meseting. Briefingsto the Pand at these meetings covered gpplicable regulations, inventory and
characterigtics of the waste, technology state-of-the-art, and DOE plans for research and
development (R& D) on dternativesto incineration. In addition, the Pandl issued a Request for
Information (RF) through the Commerce Business Daily (CBD) to solicit abroad range of industry
and other views on mixed waste trestment options.* A Subpand, congisting of five Pand
members’, initialy reviewed the responses to the RFI and reported their findings to the full Pandl.
The Subpand received technica assistance from three independent reviewers and a DOE review
team.

Table 1. Blue Ribbon Panel M eetings

M eeting L ocation Date Purpose
Number

Washington, DC | June 22, 2000 1. Task Definition
2. Planning and Procedures
3. Public Comment

Idaho Fdls, ID August 22-24, 2000 1. Regulatory briefing & discussion
Jackson, WY 2. Waste inventory /characterization
3. Technology options

4. Public Comment

. Discuss DOE R&D Plans
. Discuss Final Report Structure
. Public Comment

Washington, DC | September 27, 2000

. Further review DOE R&D Plans
. Discuss responses to RFI

. Review drafts of Final Report

. Public Comment

Denver, CO October 11, 2000

Jackson, WY December 5-6, 2000 . Complete Final Report

. Public Comment

NEFP[(APROWODNEFEP[WODNPE

4 CBD announcement of RFI and list of responders appear in Appendix I11.
° Subpanel members: Dr. Carl Anderson, Dr. Robert J. Budnitz, Dr. Mario Molina, Dr. Marvin Resnikoff, and Dr. Charles



In addition to the Pand mestings, five full-Pand conference cals and four Subpanel conference
cals were held to prepare, discuss and organize materias for the formal meetings (Table 2).

Table 2. Pand Conference Calls

Conference Call Date Participants

August 2, 2000 Full Pan€l

August 18, 2000 Full Pan€l

September 22, 2000 Subpanel

October 2, 2000 Subpanel

October 10, 2000 Subpanel

November 1, 2000 Subpanel

November 6, 2000 Full Panel w/ Independent Reviewers & Public
November 20, 2000 Full Pand & Public

November 27, 2000 Full Pand & Public

B. Overview of the I ssues

Asearly asthe 1970's, the scientific community recognized that the release to the environment of waste
streams containing persistent organic compounds, such as polychlorinated biphenyls (PCBs) poses
unacceptable hazards to humans and to ecologica systems. One gpproach for treating PCB
contaminated wagtes has been incineration. However, this can lead to the formation of compounds
such as dioxins and furans that are even moretoxic. These emissions can be minimized by proper
design and control of the incineration facilities. On the other hand, no such solution exists for
radioactive wastes, and the principa public concern regarding incineration involves the potential release
of plutonium. The U. S. Government’'s choice for disposa of this waste has been degp underground at
the Waste Isolation Pilot Plant (WIPP) in New Mexico.

The disposa of mixed transuranic (TRU) waste — containing radioactive materid, PCBs, and other
hazardous congtituents — poses a unique problem, and existing regulations were not designed
specificaly to address such wastes. For example, the removal of PCBs from mixed TRU waste
requires some sort of trestment that might involve an overdl risk to society higher than the risk of
sending the untrested waste to afacility such as WIPP. 1n any event, trestment of mixed TRU waste,
such asremova or immobilization of liquid, might be required for severa reasons related ether to long-
term stability or to safe trangportation to the digposa Ste. 1t might also be necessary to remove
flammable volatile organic compounds and to minimize the radiolytic generation of hydrogen (from the
interaction of apha particles emitted by the radionuclides with organic compounds) in order to diminate
the potentia for explosion of gases emanating from the waste,

The nature of the technologies to be utilized for the waste trestment depends on the purpose of
treatment. For example, volatile and semi-volétile organic compounds can be separated from the
mixed waste relatively easily — e.g., by evaporation at moderate temperatures, or by extraction under
vacuum — and these compounds can be destroyed subsequently by oxidation to yield mostly carbon
dioxide and water. PCBs are chemicdly very stable and are not volatile under ambient temperature
conditions, so that their destruction is more difficult, requiring strong chemica or thermal trestment




before or after separation from the waste stream; no suitable ‘mild’ treatment exists. At the sametime,
it is necessary to ensure that the radioactive materid eventudly remainsin the solid waste stream, so
that it can be safely digposed of. An assessment of technologies for mixed waste treetment should take
into account the overal risks and cogts involved with handling and disposing of dl the effluents,
including but not limited to front-end handling, agueous waste treatment, primary treatment, and off-gas
treatment.

Incineration involves high temperatures, an open flame, and alarge volume of gaseous effluents.
Although awide array of technologicad dternatives to incineration exists, no Sngle one may be suitable
for treetment of al types of mixed waste: a combination of steps or a set of severa technologies might
be required to treat the multiplicity of mixed waste. Some of these dternative technologies might also
require high temperatures, but are nevertheless clearly digtinct from incineration. For example, they
might operate under reducing conditions without an open flame, rather than under oxidizing conditions
in an open flame, thereby minimizing the generation of dioxins and furans from PCBs. Many dterndtive
technologies dso generate smdl amounts of gaseous effluents congsting of volatile organic compounds.
Once separated from the waste, these effluents can be oxidized, for example, by contact with a
ceramic catays at high temperatures, in the presence of oxygen, so that only carbon dioxide and water
are released to the atmosphere.

C. Characterigtics of the ‘Mixed Waste' at Issuein this Report

For purposes of this report, ‘ mixed wast€' means waste that contains both hazardous waste and
radioactive materid that is subject to the requirements of the Resource Conservation and Recovery Act
(RCRA) and the Atomic Energy Act (AEA), which apply to generation of waste and to wastes dready
stored. In some cases, thiswaste is aso contaminated with PCBs, which are regulated under the Toxic
Substances Control Act (TSCA). The EPA and the States enforce the requirements imposed by
RCRA and TSCA. DOE stesthat store, treat, or dispose of mixed waste are regulated under RCRA,
TSCA, and the AEA.. In addition, mixed waste buried in the ground at DOE facilities is subject to
section 120(a)(2) of the Comprehensive Environmenta Response, Compensation, and Liability Act
(CERCLA), asamended. The term ‘mixed wast€' is used frequently in this report as a generic term
for dl the contaminated radioactive wastes under consideration by the Pand, dthough drictly spesking
radioactive waste containing only PCBs (which are not regulated under RCRA as ‘ hazardous)) is not
‘mixed wast€ under the prevailing technica definition.

Hazardous and radioactive wastes pose difficult challengesto DOE as owner and to EPA and States
as regulators of these wastes. DOE must manage, treat, and dispose of these mixed wastesin an
environmentally sound and cogt-effective manner to ensure public hedth and safety.

1. Origin, Forms, and Status of the Stored Mixed Wastesat INEEL

DOE currently stores gpproximately 65,000 cubic meters of radioactive waste a the Transuranic
Storage Area (TSA) at the Radioactive Waste Management Complex (RWMC) at the INEEL.
Mogt of this waste, a product of nuclear weapons production operations at the Rocky Hats Plant
in Colorado, was transported to the INEEL before the current definition of TRU waste was
established (prior to 1982). Thiswaste is managed as TRU waste, dthough not al of it meetsthe
current definition. Approximately 95 percent of thiswasteis classified as ‘' mixed wast€'. Some



contains PCBs, which are regulated under TSCA. It should be emphasized that at this time we do
not know precisely what isin al 65,000 cubic meters of waste, since not dl has been characterized
(e.g., pre-1973 drums, depending on interpretation of the data, comprise 7 to 18 percent of the
total stored volume). In addition, asmall volume of the waste may contain mercury, ameta that
vaporizes a rdatively low temperatures and is particularly difficult for off-gas sysems to manage.

Of the 65,000 cubic meters, approximately 52,000 cubic meters (80 percent) isin wooden boxes
and metal drumsthat were stacked on an asphat pad and covered with tarps, plywood, and then
soil to form an earthen-covered berm. The earthen-covered berm is enclosed within a metal
building caled the Transuranic Storage Area Retrieva Enclosure (TSA-RE), aRCRA interim
satusfacility. Approximately 13,000 cubic meters of the waste (the other 20 percent) isstored in
adjacent RCRA-permitted facilities at the RWMC.

Without trestment, a portion of these 65,000 cubic meters does not currently meet requirements
for shipment to and disposd at the WIPP, nor does it meet other regulatory requirements for waste
disposd and transportation that are reviewed in subsection D below. Initid planning for the
Advanced Mixed Waste Treatment Project (AMWTP) incorporated the assumption that 78
percent of the waste would require incineration in order to meet these requirements. Thisincluded
al non-debris and combustible debris (typically paper, rags, plastic and rubber). Improved
understanding of the waste has resulted in successively lower estimates, and by early 1997 the
AMWTP contractor had determined that only non-debris waste should be incinerated. Asareaullt,
the amount to be treated was reduced to 22 percent of the total.

In 1996, Congress exempted al waste designated for disposa at WIPP from the RCRA Land
Disposd Redtrictions (LDR). The Pand’s understanding is that this action rested, at least in part,
on the recognition that deep disposal at WIPP posed fewer hazards than the surface or near-
surface disposa contemplated in the RCRA regime. This further reduced the quantity of waste to
be trested, dthough the change did not become fully effective until a contract modification in early
2000, following regulatory action by the State of New Mexico. Only afraction of many of the
wadte streams will now require treetment under existing shipment and disposd regulations. The
current estimate is gpproximately 1,500 cubic meters (or about 2 percent), based on review of the
envelope of waste comprising the full 65,000 cubic meters, published information about the waste,
anecdota evidence, and subsequent analysis or examination of the wastes® The actud volume
requiring treetment will be determined only after individuaized andysis of each container, which
must be completed before any waste is shipped or treasted. The Pandl does not expect the find
volume requiiring trestment to exceed the current estimate substantialy, and indeed it could be
ggnificantly less

At the AMWTP, these wastes will be received for ingpection, characterization and then shipment
or processing. Receipt isin wooden boxes, bins, or 55- and 83-galon drums (which are generdly
lined with a high dendity polyethylene liner). The waste is usudly contained in one or more plastic
bags or in asmaller container (such as a one-galon polyethylene container) wrapped in one or
more plagtic bags that are then placed in alarge plagtic bag ingde a 55-gdlon drum. Where the

®f the uncharacterized waste is similar in form to the characterized waste, asthere is good reason to believe, the margin
of error inthisestimate is 10 to 20 percent. Expert testimony before the Panel suggested that the total volume of waste
requiring treatment may be even smaller than this estimate suggests.
5



condition of the 55-galon drum is suspect, it will be placed in an 83-galon overpack drum to
prevent the spread of contamination.

2. Other Mixed Wastesat INEEL

The Panel has focused upon the waste requirements defined in its mandate. During our
deliberations, however, we heard much about another large quantity of waste on the INEEL gSte
that arrived between 1952 and 1970, in addition to the 65,000 cubic meters addressed in the
Pand’s charter. Thisadditional waste is buried in pits and trenches on an 88-acre disposal area.

The volume of this waste has been estimated at anywhere from 57,000 to 186,000 cubic metersin
various published accounts. These very large differences gppear to be caused principdly by
uncertainties about the volumes of contaminated soil in the neighborhood of the buried waste,
which can only be determined by detailed testing and mapping of the actua conditions of the pits
and trenches. However, the precise volumes are not the important issue. Whether the additiona
amounts are comparable to the 65,000 cubic meters at the TSA, or are two or three or more times
greater, the fact remains that volumes of waste of the same generd kind and at least equa
meagnitude to that under consideration by the Panel remain on the INEEL sSte. Thiswasteis buried
under conditions that are much less contained and much less predictable than the waste in the Pand
charter, and the Pand urges that increased emphasis be given to this in some ways more worrisome
quantity of waste. It must be immediately and serioudy addressed by the Department.

This waste has been known to be a problem for many years, and the Pandl is aware that DOE has
acontinuing program that attempts to deal withit. DOE isworking with EPA Region X and the
Idaho Department of Environmental Quadlity to develop and implement aremedy for the buried
wadte under the INEEL CERCLA cleanup program. A Record of Decision identifying the remedy
is scheduled to be issued in December 2002.

However, no viable cleanup plan has yet been devised. It isgenerdly agreed that these wastes are
not properly contained. In fact, they pose a substantia threet to the Snake River Plain aguifer
underlying the Ste. Thisaguifer isone of the largest underground water bodies in America, and any
threet to it carries with it legitimate cause for concern. In the public comment periods of the

Pand’ s meetings, this buried waste emerged repeatedly as a matter of utmost concern to the
citizenry. Inlight of these facts, the Pand notes that the problem is serious, and urges the DOE to
put increased emphasis on adequately defining the subsurface phenomena involved, and as quickly
as possible to put in place comprehensive plans that will protect the environment and in particular
the aguifer before significant crises can develop.

D. Why do Mixed Wastes Require Treatment?

Wastes must be treated for two principa reasons: (1) to meet transportation requirements and (2) to
meet WIPP WAC. Elements of these two overlapping sets of requirements are specified by
regulations or set by permits. Transgportation requirements restrict the shipment of materias that would
create a hazard during trangt. The WIPP WAC redtricts the amount and nature of waste components
that can be accepted. Three INEEL waste components can trigger aneed for treatment: potential
hydrogen generators, flammable volatile organic compounds (VOCs), and PCBs.



The Nuclear Regulatory Commission has imposed a flammable gas (e.g., hydrogen, methane, etc.)
concentration limit on contact-handled TRU waste transported using the Transuranic Package
Trangporter, Modd 1l (TRUPACT-II). Thislimit is set a the lower explosive limit of Spercent by
volumefor hydrogen in air. To meet this limit, hydrogen generation rates are limited by the WIPP
WAC and by the TRUPACT |1 (shipping container) specifications. Hydrogen can be produced by the
action of dpha particles on water or organic materias and the redtriction cals for evauation of steady-
dtate hydrogen release rates for every container.

VOCsare limited by trangportation requirements, which are intended to avoid fire hazards during
shipping. VOCs must be measured in the headspace of every container.

PCB disposa is restricted by WIPP WAC to concentrations below 50 parts-per-million. The PCB
concentration must be verified by records or by sampling and andyss.

Transportation requirements and WIPP WAC require inspection of each package. That is, packages
can only be certified for shipment or disposa based on knowledge of their contents, and not on the fact
that the contents have undergone a particular treatment or set of treatments.

The wastes transported to and accepted at the WIPP facility are controlled by a variety of
requirements, including but not limited to:

New Mexico Hazardous Waste Act (incorporating 40 CFR)

WIPP Hazardous Waste Fecility Permit (HWFP)

TRUPACT Il (shipping container) Safety Anadlysis Report For Packaging (SARP)
Department of Transportation Regulations (49 CFR)

WIPP Safety Andysis Report (SAR)

WIPPWAC

These sources provide the criteria (summarized in Table 3) for management, storage, trangportation to,
and disposa of mixed waste at the WIPP facility.

At INEEL, the AMWTP will process stored mixed TRU waste for digposal in New Mexico at WIPP,
and mixed low-level waste for disposd in another gppropriate facility. The process will include waste
retrieval, characterization, sorting, size reduction, repackaging, sorption, supercompaction, certification,
and loading of the waste for shipment. Waste that does not meet the applicable disposal requirements
will remain in sorage a INEEL until appropriate processing is available.

One recurring issue for the Pandl was the option of transporting the INEEL mixed wastes without
further treatment, either to WIPP or acommercia disposd ste. Asindicated earlier, thisis not
possible under current regulations. For example, WIPP will not accept wastes with PCB
concentrations of 50 ppm or greater. Those regulations could change over the period of the
DOE/Idaho agreement; indeed, applications now pending before the EPA seek amendments to
WIPP sWAC that would affect the treatment required in order to ship INEEL mixed wastes to
WIPP. If EPA concurs, DOE would need aso to petition the State of New Mexico for a change to
the permit. Any such regulatory changes would require extensive consultations with interested parties
and gates, and no amendments in the WIPP WAC are possible without the consent of the State of
New Mexico. Accordingly, while the Pand recognizes that waste disposal regulations can evolve and
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will influence any long-term R& D drategy, the Pand’ s recommendations do not assume amendments
to the current regime.



Table3. Comparison of Digposal and Transportation Requirements

WAC Requirement Transportation Disposal Disposal
Section SAR RCRA

332 Fissile Material Pu-239 limits for 55-gallon drums, | Pu-239 limits for 55- No requirements

Quantity pipe components, SWBs, and gallon drums, SWBs,
TDOPs (including 2 times the and TDOPs
measurement error). (including 2 times

the measurement
€error)

333 TRU Alpha Dewatered, soiled or solidified > 100 nCi/g No requirements
Activity TRU and tritium-contaminated > 100 nCi/gis part of the
Concentration materials and wastes. TRU waste definition in the

HWFP

334 Pu-239 No requirements Pu-Equivalent Ci No requirements
Equivalent limits for 55-gallon
Activity drums, SWBs, and

TDOPs.

3.35 Radiation Dose Surface dose rate < 200 mrem/hr Surface dose rate < No requirements

Rate 200 mrem/hr Surface dose rate < 200
mrem/hr is part of the
definition in the HWFP

341 Liquid < 1% by volume of the payload < 1% by volume of < 1% by volume of the

container the payload payload container
container

342 Sealed Sealed containers > 4 liters No requirements Sealed containers > 4 liters
Containers prohibited prohibited

351 Pyrophoric Pyrophoric radioactive materials Pyrophoric Non-radionuclide
Materials < 1% by weight radioactive materials | pyrophoric materials are

< 1% by weight prohibited

35.2 Hazardous Waste | No requirements No requirements EPA hazardous waste

numbers not listed in the
HWFP are prohibited.
353 Chemical Chemical constituents shall Wastes containing Wastes incompatible with
Compatibility confirm to the allowable chemical | chemicalsthat would | backfill, seal and panel
listsinthe TRUPACT-Il SARP. cause adverse closure material's, container
reactions with other | and packaging materials,
payload containers shipping container
are prohibited. materials, or other wastes
are prohibited.

354 Explosives, Explosives, corrosives, and Explosives, Explosives, corrosives, and
Corrosives, and compressed gasses are corrosives, and compressed gases are
Compressed prohibited compressed gasses prohibited.

Gasses are prohibited.

355 Headspace Gas Flammable VOCs equal to or less | No requirements Headspace gas must be
VOC than 500 ppm in the headspace of reported using sampling
Concentration any payload container and analysis

356 PCBs No Requirements Thereisabounding | PCB concentration > 50

requirement ppm are prohibited

3.6.2 Decay Heat Decay heat of each payload No requirements No requirements

containers < limit in the
TRUPACT-1I SARP.
3.6.3 Test Category Steady-state hydrogen gas No requirements No requirements

Waste

generation release rate shall not
exceed the limit specified in the
TRUPACT-Il SARP.




WAC Requirement Transportation Disposal Disposal
Section SAR RCRA
364 Flammable VOCs | Equal to or less than 500 ppmin No requirements No requirements
the headspace of any payload
container
Note:  SWB = Standard Waste Box

TDOP = Ten Drum Overpack
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II. Criteriafor Evaluating Technological Alternativesto Incineration

The Panel adopted the following seven criteriafor evauating dternatives to incineration, and included these
criteriain an August 2000 RF:

1.

Environmental, Safety and Health (ES& H) Risk Considerations

The safety of the system, potentid ES& H risks and the difficulty in designing and condtructing a
system to meet the ES& H requirements in radioactive service with specid emphasis on upset
conditions.

Stakeholder and Regulatory Interests
The degree to which there may be resstance or delays in implementing the technology or system
due to ether public concerns or regulatory requirements.

Functional and Technical Performance

The technicd performance of the treatment process to include destruction efficiency, volume
reduction capability, secondary waste generation, robustness and flexibility of the system, find
wagte form performance and capability to be shipped.

Operational Reliability
The reliability and availability of the trestment process, its complexity, and the potentia exposure to
maintenance workers.

Pre- and Post-Treatment Requirements
The pre-treatment and post-treatment requirements of the waste, and the requirements for treating
the effluents from the process.

Economic Viability
Thetotd life-cycle cost of the system, the cost per unit volume of waste treated, the market for the
technology, and the potentia that the technology will be commercidly available to treat the waste.

Maturity
Theleve of development of the technology, field experience with the technology in radioactive
sarvice, and whether the technology will be available in the time frame required.

Inits application of the criteria, particularly those bearing on ES& H, the Pand placed specia emphasison
performance under potentia ‘upset conditions . In addition, the Pand fully recognizes that worker safety
has been and remains a sgnificant concern of dl well-managed programs. The Panel wishesto underscore
that this concern is an important part of its ES&H criterion.

Although meeting al gpplicable ES&H regulaionsis an essentid criterion for any technology, the Pand
believes that an even more stringent standard should be gpplied during the evauation process. Specificdly,
atechnology should be highly favored if it can demondirably meet such regulaions by very large margins,
affording much higher degrees of protection and much higher confidence in that protection. The crucid
words here are ‘ demongrably’ and ‘large margins,’ because only then can both the technical community
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and the larger public have strong confidence in the proposed technology.  We have tried to apply this
philosophy throughout our evauations.



[11. Overview of the Technological Alternatives

Many parties have brought to the Panel abroad array of technologica dternativesto incineration. We
have reviewed alarge number of options at very different stages of development. From the perspective of
research, development, demonstration and deployment (RDD& D), the chalenge isto apply inevitably
congtrained resources productively without prematurely narrowing the field of potentid candidates. The
Pand’sam isto hep DOE assemble an RDD& D technology portfolio that is diverse in both technology
characterigtics and levels of maturity; to that end, we have identified what we think are the most promising
of the relatively mature and the sill emerging options. We aso sought to narrow the field in a productive
way. Some dements of the portfolio should be ready for comparison testing on an aggressive schedule
over the next severd years, while others will need subgtantially more time (while still being potentialy
available to meet DOE’ s commitments to the State of 1daho).

A. Description of the Alter natives
1. Thermal Treatment without Incineration

Thermd treatment of hazardous waste involves use of high temperature as the primary meansto
change the chemical, physicd, or biologicd character and/or composition of the waste in the
absence of air or free oxygen and without aflame. Reatively high temperatures decompose
organic compounds, convert them to gases, and bresk their chemica bondsto form organic
fragments that may require subsequent oxidization or reduction. If the decompaosition products are
alowed to cool in an inert environment, the products are typicaly carbon, and a gas containing
CO, H,, HCl, CH,, and low molecular weight hydrocarbons (e.g., syngas). If sufficient oxygenis
present, the oxygen will combine with the organic fragments to form CO, and H,O. A reducing
environment implies the presence of amaterid with a high affinity for oxygen (eg., hydrogen or
auminum) and the absence of free oxygen. The reductant reacts with the organic fragments to
produce carbon, H,, CH,4, HCl, or Al,O3 (depending on the environment and stability of the
compounds at the process temperature) and low molecular weight hydrocarbons from the
reduction of straight-chained and aromatic hydrocarbons.

Incineration, by contragt, involves use of fud (usudly natura gas or fue oil, but sometimesthe
wadte itsdlf) with ar or oxygen to produce a flame for the destruction and oxidation of the organic
wadte materid. Typicdly, asecondary combustion chamber with aflameis aso required to
complete oxidation of any organic materid escgping in gases from the main combustion chamber.
Incinerators require high volumes of ar and extreme turbulence to ensure adequate mixing of the
waste and vapors with air, and adequate time to complete the oxidation. Because of gases from
the combustion of the fuel and the excess air, incinerators generate large volumes of off-gases
requiring treatment before release.

Thermd treatment processes not involving incineration include plasma arc meters, DC-arc melters,
metal melters, steam reformers, molten st oxidation, and supercritical water oxidation, each of
which operates under different therma and environmenta conditions.

Plasma or DC-arc mdters may be operated in a least three modes. an oxidation mode in which
aufficient oxygen is supplied to oxidize the organic materid; a pyrolysis mode (e.g., an oxygen
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deficient atmosphere); or a team-reforming mode. In the steam-reforming mode, steam provides
both hydrogen and oxygen to react with the high temperature decomposition products.

Metd meters operate in areducing mode in which the molten metd (such asiron or duminum) has
ahigh afinity for oxygen.

Steam reformers operate a lower temperatures than melters and interact sseam directly with heated
wadte materias in the absence of free oxygen; steam provides a source of both hydrogen and
oxygen to produce a combustible gas mixture of CO, H,, CO,, H,O, CH,4, HCl and low molecular
weight hydrocarbons.

In molten salt systems, organic waste and oxygen are injected into a hot molten sdt bath that
provides the thermd energy to bresk the chemica bonds of the organic materid, and a medium that
enables intimate contact between the oxygen and the organic fragments.

Supercritical water oxidation isatherma process in which high temperature and high pressure are
used to generate a supercritical state of water. Supercritical water readily dissolves organic
materid and stimulates rapid reaction between the organic material and the oxygen to produce CO,
and H,O. Thisreaction isamilar to, but much more rgpid than, the conventiona chemica
processes described next.

2. Agqueous-Based Chemical Oxidation

Aqueous-based chemical oxidation uses chemica oxidants other than oxygen or ar as the primary
means to destroy or detoxify hazardous materials. Moderate increases in temperature can be used
to accelerate the rates of the organic destruction reactions, but the temperature aone is not
aufficient to break the chemica bonds. Chemica oxidation processes use strong oxidantsin an
agueous, acidic solution. Examples of strong inorganic oxidants are nitric acid, Ag”*, Ce**, Fe**,
and ammonium peroxydisulfate [(NH,).S;Og]. The organics aretypicdly converted to H,O, CO,
CO,, HCI, and minerd sdts. Because the reactions are strongly surface area dependent, solids
and some liquids require Sgnificant Sze reduction and/or mixing for adequate oxidation to occur,
whereas soluble organics are more easly oxidized. Because the reactions take place at low
temperature and in aliquid Sate, the times required for the reactions are much longer than for
thermd systems, and typicaly, more secondary waste is generated by the oxidizing agents.

3. Dehalogenation

Dehdogenation refers to chemica reactions in which halogens (chlorine, bromine, iodine) are
removed from the molecular structure of organic compounds and replaced by other atoms to form
non-hazardous or less hazardous products. For example, the solvated electron process is used to
replace chlorinein PCBs. Byproducts from tresting PCBs include hydrocarbons, sodium chloride,
and sodium amide.

4. Separation
Three types of separation processes are used for remova of organic materia from awaste matrix:

s0il washing, solvent extraction and therma desorption.
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Soil washing uses an agueous solution and detergent to remove organic materia from the surface of
s0il particles and to separate fine particulates (which contain most of the organic contaminantsin
the porous fines) from the coarse soil. Soil washing does not destroy the organic materia but
produces three products. a wastewater stream, a dudge of contaminated fine particulates, and soil
that may contain regulated levels of heavy metals and radionuclides.

Solvent extraction uses a solvent to remove soluble contaminants from the waste (not unlike dry
cleaning). A subsequent step removes the contaminants from the solvent, which can be re-used,
leaving the liquid organic contaminant to be treeted by other means. A specid case of solvent
extraction uses supercritical carbon dioxide to remove organics from the waste.

Therma desorption uses rdatively high temperatures, and sometimes a vacuum, to convert organic
contaminants from a solid waste to a gas and extract them. These volatile and semi-volatile organic
contaminants are then condensed and collected in an off-gas system for subsequent treatment by
other means, which can be technicaly difficult for some contaminants (e.g., radionuclides and
mercury). In some cases, heat and vacuum can pyrolyze non-volatile organic materid (plastics,
wood, PVC, etc.) to produce volatilized organics and a residue that remainsin the desorber.

5. Biological Treatment

Biologicd trestment (or biodegradation) refers to the processing of organic waste materia using
microorganisms such as bacteriaand fungi. Aerobic degradation is performed by microorganisms,
which require oxygen for growth. Aerobic process residues are usualy CO, CO,, H,0, sdtsand
biomass dudge (dead cell materia). Anaerobic degradation is carried out in the absence of oxygen
and yields CH,, CO,, and biomass. Since the contaminants must be available to the
microorganisms, contaminants that are not water-soluble (e.g., solids and immiscible organics) are
more difficult to treat. Chlorinated organics are difficult to treat because their degradation is not a
significant source of energy for the bacteria. Nonetheless, some bacteria do degrade chlorinated
organics in the course of metabolizing other, more easily degraded compounds.

B. Evaluation of the Alternatives

Inad of its evauation, the Pand formed a Technica Subpane chaired by Dr. Molina, which aso
included Dr. Anderson, Dr. Budnitz, Dr. Resnikoff, and Dr. Till. The Subpanel and the rest of the
Panel dso benefited from extensive assessments prepared by Mr. William Schwinkendorf (chairing a
DOE team), Mr. James Cudahy, Dr. Francis Holm, and Dr. Peter Lederman, al of which are part of
the record of the proceedings that produced this report.

The choice of technologies depends on the purpose of the treetment. Asindicated in Section I-D, this
purpose consists of remova from the waste stream of potential hydrogen generators, VOCs, PCBs
and possibly the ignitable and corrosive streams that carry the D001 and D002 EPA hazardous waste
codes.

Destruction of the unwanted components can be accomplished either before or after separation from

the main waste stream.  In generd, technologies that satisfy dl the treatment needs smultaneoudy are

preferable. Inany casg, it isimportant to assess the fate of the radioactive components to ensure that
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they remain in the solid waste stream for disposal. This, in turn, requires actud tests with authentic
mixed wadte.

Each trestment option creates its own waste streams, some of which are potentidly hazardous and thus
may require additiona remedid drategies that themsdves form an important part of any life-cycle
comparison of the risks and cogts of the technologica dternatives. Thus, it isimportant to evaluate not
only the main trestment process itself, but also the additiona steps necessary to dedl with the required
pretreatment of the waste as well as the secondary waste streams and their treatment.

The Panel evaluated the technological dternatives described in Section [11-A utilizing the published
criteriafrom Section |1 of thisreport. Mogt, but not al, technologies were brought to the Pand in
response to the RFl described in Section [-A-2. The Panel’ s intent was not to endorse or reject
specific commercid gpplications, but rather to focus on categories of technologies, identifying those that
appear most promising for near-term application and for longer-term developmenta funding. We have
grouped the technologica dternativesin three categories for discusson below: (1) those that clearly
gppear promising and should have highest priority for funding; (2) potentialy promising technologies for
which important unresolved issues remain; and (3) technologies to which the Pand accords lowest
priority. Of course, even the most promising dternatives are not yet fully demondrated, in particular
with mixed waste. None of the dternatives are ready for immediate implementation, and subsequent
sections of this report address next steps in the devel opment and testing process.

1. Most Promising Technologies

The most promising technologies are relatively mature, so that (a) there are fewer issues
regarding their capabilities to treat the DOE waste in question; (b) they generdly are robust
(e.g., they can treat avariety of waste typeswith aminima pre-treatment); (c) they have
minima secondary wastes, which can be successfully treated; and (d) they appear to pose less
risk to workers, the public and the environment.

a. Steam Reforming

Steam reforming coupled with volatilization directly from waste drumsis avery promising
technology to remove and destroy organic componentsin the waste stream. It isarobug,
meature technology, gpplicable to awide variety of waste streams and requiring little or no
pretrestment. It operates in areducing environment (i.e., in the absence of oxygen), producing
an off-gas stream consisting of organic effluents (syngas), carbon dioxide and water vapor.
This gaseous stream requires treatment to decompose the organic effluents (e.g., oxidation by a
high-temperature ceramic catayst), but the emissions to the environment can be measured and
controlled and are likely to be minor. The relatively low temperature should alow the
plutonium and most other radionuclides and heavy metds to be retained in the residue, which
can be sent to adigposad ste. However, some radionuclides and metas may be volatilized and
must be captured by off-gas systems.”

" To the extent that some steam reformi ng technology variants require levitation of a heterogeneous mixture, significant

technical issues remain for resolution.
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b. Thermal/Vacuum Desor ption

This separation process removes volatile and semi-volatile organics from the inorganic portion
of the waste stream and pyrolyzes non-volatile organics in an oxygen-starved atmosphere to
produce organic vapors and asolid resdue. The volatilized organics may be treasted by some
other means: oxidized in a high-temperature ceramic catayst or absorbed onto a carbon bed or
condensed back to aliquid for subsequent destruction, or possibly treatment at an existing
commercid facility. Thelow gasflow and low temperature minimizes particulate carryover into
the off-gas system and should alow the plutonium and most other radionuclides and heavy
metas to be retained in the resdud solids. Thus, the emissons to the environment can be
controlled and are likely to be minor. Little or no pretreatment is required for awide variety of
wastes.

c. DC-Arc Mdter

Thisis aprocess with very high destruction efficiency. It isvery robug, can treet any waste or
medium with minima or no pretrestment, and produces a stable waste form. The DC-arc
melter uses carbon eectrodes to strike an arc in abath of molten dag. Use of consumable
carbon eectrodes that are continuoudy inserted into the reaction chamber eiminates the need
to shut down for eectrode replacement or maintenance and the need for atorch gas. The high
temperatures produced by the arc convert the organic waste into light organics and primary
eementsin asteam-reforming or reducing atmaosphere. The combustible syngasis cleaned in
the off-gas system and oxidized to CO, and H,O in ceramic bed oxidizers. The potentid for
ar pollution islow due to the use of dectrica heating in the absence of free oxygen and the low
amount of off-gas. The inorganic portion of the waste is retained in a stable, leach-resstant
dag, which may be necessary for amixed non-TRU waste that will be disposed of in a RCRA-
regulated landfill.

d. PlasmaTorch

Plasmatorch systems are smilar to DC-arc systemsin that an arc is struck between a copper
electrode and either a bath of molten slag or another electrode of opposite polarity.? Aswith
DC-arc systems, the plasmatorch system has very high destruction efficiency, is very robust,
and can treat any waste or medium with minimal or no pre-trestment. The inorganic portion of
the waste isretained in a stable, leach-resstant dag, which may be necessary for mixed non-
TRU wagte that will be disposed of in a RCRA-regulated landfill. However, the water-cooled
copper torch must be replaced periodically to prevent burn-through at the attachment point of
the arc and a subsequent steam explosion due to rapid heating of the released cooling water.
Thear pollution control system is somewheat larger than for the DC-arc due to the need for an
arc-gabilizing torch gas. Concerns have been raised regarding the riability of this technology.

2. Potentially Promising Technologies with Unresolved | ssues

8 The plasmatorch technol ogies eval uated by the Panel should be distinguished from ‘ plasmaarc incinerators,” as

defined by EPA in 40 CFR section 260.10.
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From the RFI and other sources, the Panel identified a number of technologies that may
contribute to solving the INEEL waste trestment problem. However, potentialy significant
issues need to be addressed before final decisions are made about integrating these
technologies into DOE’'s RDD& D program. These technologies are generally less mature than
those in the firgt category, are less robugt, or have questionable ability to safely treat DOE
wadte. These technologiesinclude mediated dectrochemica oxidation, microwave
decomposition, supercritical water oxidation, and solvated e ectron dehal ogenation.

For each of these potentidly viable dternaives, the Pand’ s views are summarized below.

a. Mediated Electr ochemical Oxidation

Mediated eectrochemica oxidation relies on an oxidizing eement (e.g., Slver or cerium) to
destroy organic compounds. Metdls, including plutonium and americium, may be dissolved in
the anolyte solution. Recovery of the oxidizing dement from the analyte and reuse back in the
processis critical for economic operation. It isnot clear if recovery/reuseis possible or
economicaly viable in the presence of radionuclides. Also, to reduce process retention times
and increase solubility of organic condtituents, waste streams are fed to the system as liquids or
durry. This may require sgnificant waste pre-trestment. Other issues include the capability to
treat PCBs adequatdly, and the highly corrosive nature of the process and related safety
concerns.

Positive characterigtics include low temperature, low off-gas, and an apparent ability to treat
diverse waste streams.  The Panel’ s concerns center on 1) recovery/reuse of the andyte
solution; 2) amount of pre-treatment; and 3) corrosion and erosion of the system components.

b. Microwave Decomposition

This technology involves a specific type of chemical decomposition, and may have promise for
the treetment of INEEL wastes, but it has been gpplied only to limited waste streams (medical
wagte and tires). Research and development is needed to determine its efficacy for tregting
radioactive and TRU wastes. Other potentia unknowns and concerns include this

technology’ s ability to treat PCBs, amount of pre-trestment, nature of the effluents, including
the leve of off-gas treatment required, and radionuclide accumulation in carbon precipitated on
the walls of the treatment chamber (this char could present significant decontamination and
worker safety issues).

Positive attributes include low off-gas and low system operating temperature and pressure.

c. Supercritical Water Oxidation

At supercritical pressure and temperature conditions, water can dissolve organic congtituents.
Thisis ardativey mature technology with along history of development for specific
gpplications. Pogitive attributes of the supercritical water oxidation system include very low
off-gas, high destruction efficiencies for organics, and effluents that are reatively easy to
manage, including brine, filtered solids and dts.
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On the other hand, the high pressure (and the difficulty in injecting particulate-laden erosve
durriesinto the process) and corrosiveness of the system present significant safety concerns.
Moreover, the waste stream feed must be in aliquid or durry form, which requires substantia
pre-treatment of wastes. Proponents anticipate using a bulk feed system, but key detalls are
lacking on its design and devel opment.

d. Solvated Electr on Dehalogenation

In this technology, solvated dectrons, created in a mixture of anhydrous ammonia, sodium
metd, and waste, remove haogens (primarily chloring) from organic molecules. Thisisa
relaively mature and smple technology that operates at low temperature with low off-gas and
good destruction efficiencies for chlorinated compounds.

Potentia concerns with the solvated eectron technology include: 1) the management of
treatment residues, including further treetment of non-chlorinated organics to meet WIPP
WAC,; 2) the amount of pre-treatment needed to maximize exposure of the chlorinated
compounds to the eectron solution; 3) the process s ability to treat the diversity of INEEL
wastes (waste pH and moisture content appear to be important); and, 4) safety associated with
handling sodium and anhydrous ammonia and high system pressure (200 ps) in aradioactive
environment.

3. Lowest Priority Technologies

Initsreview, the Pand was impressed by the number and variety of treatment processes
submitted for consderation in response to the RFI. Given congtrained R& D resources, the
Panel felt compelled to adopt awinnowing process to yield a manageable number of
candidates for further testing and development. Mogt of the trestment options submitted to the
Panel clearly have promise for some forms of waste, but our charge compels afocus on very
specific wastes.

The Pand concluded that technologies not recommended in this report for further devel opment
and testing were qualitatively less promising, across the full range of characteristics necessary to
ded with the INEEL wastes. Severd of these technologies were not gpplicable to the DOE
wadtes in question, others had serious safety issues, and others were so immature or had so
little information available that an informed evauation was impossible. In reviewing candidates
for near-term testing, the Pandl sought convincing evidence of technological meturity; where the
issue was digibility for further development, our focus was promise of superiority in amplicity,
efficiency and economics.

The technologies examined by the Pand and placed in this third category include iron chloride
catdyzed oxidation, molten auminum, solvent extraction, high temperature hyperbaric
chamber, slent discharge plasma, soil washing with a cheaing agent, treetment with sodium in
minerd oil followed by chemica oxidation with peroxydisulfate, and biologica trestment.

4, Conclusonsand Recommendations
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The Panel finds that there are promising technologica dternatives to incineration. At present,
such technologies have not been fully demonstrated and need to be further devel oped, adapted
and tested with actual mixed waste streams.

In the Pand’ s judgment, this evauation has identified a varied set of technologies that deserve a
placein DOE s RDD&D program. The Pand’s recommendations also include basic scientific
work that should broaden the base of technologies further. The nation should emerge within a
few years with improved and feasble solutions to a costly dilemma.

The Panel recommends that DOE serioudy congder technologies identified in the most
promising category as dternatives for an incinerator at the AMWTP. Tedts of these should be
conducted on both surrogates and actual wastes to demongtrate their applicability. These tests
should be concluded within 3 to 5 years, and should include total system evauations including
pre- and post-trestment requirements and should seek to identify performance under potential
upset conditions.

The Pand aso notes that no single technology may by itsalf be adequate to meet the desired
ES& H standards and achieve the desired destruction of hazardous and PCB waste. Robust
solutions are likely to require combinations of severa technologies. Some of the most
promising technologies yield secondary wastes that require further treetment. For example,
steam reforming generates a combustible gas that may require subsequent therma oxidation
using a catalytic reactor to accomplish destruction without incineration. Deha ogenation can
effectively destroy PCBs, but it leaves non-ha ogenated hydrocarbons and many of the VOCs
untouched; the treated wastes till contain enough of these materials so that shipment or
disposa may not be possible without further trestments. For wastes being sent to aburid sSte,
further treatments of the hazardous inorganic chemicds (e.g., stabilization) may be needed to
meet land digposd requirements. Greater stabilization of the find waste may be required for
mixed waste buria sites, compared with TRU wastes disposed of at WIPP.

The Pand aso recommends that DOE consider |ess mature technologies for further
development and testing, with the am of ether advancing them to readiness for deployment or
eliminating them from further consderation.

Finally, a program of basic and gpplied research should be pursued to identify and nurture the
next generation of technologies that are sure to be needed. It isimportant and appropriate that
DOE address the completion of relatively near term waste management actions such as meeting
the agreement schedule for removal of stored mixed TRU and low-level waste from Idaho.
Nonetheless, as noted e sewhere in this report, there are other wastes that will need to be
treated, and the total problem will not be quickly solved. New technologies will rely on new
science that can only result from investments in basic and gpplied research.

IV.DOE’s Current Plan for Developing Technological Alternativesto Incineration
A. Overview of the Evolving DOE Plan
In the period following creation of the Panel, DOE has been preparing an RDD& D plan for developing

and deploying safe, cogt-effective and timely technologicd dternatives to incineration. This subsection
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summarizes the current status of that plan. A complete executive summary of DOE'sRDD& D plan
appearsin Appendix V.

A recent review of the DOE Environmental Quality R& D Portfolio concluded that, “ The greatest gap
identified among mixed waste technologies is the need for dterndtivesto incineration.” Moreover,

“ Although there has been R& D on other technologies for destroying hazardous organics and for
volume reduction, little such R&D is now under way and, more importantly, no specific technology is
currently acceptable to replace incineration.” The review concluded thet, “ Just asthereisagap
identified with aternatives to incineration, there is an opportunity to fill that ggp. Severa candidate
technol ogies have been brought forth in the past and prioritization of those to identify most likely
successors, followed by development and demonstration activities should commence.”®

DOE has made provision for public review of dl eements of this plan, and revisons are possible as
that review proceeds. The Pand places particular emphasis on thisissue, and Subsection B below
presents comments and recommendations on public involvement and other elements of the DOE plan.

The prdiminary DOE plan includes stages of development ranging from basi¢c science research through
full-scae integrated demongrations. The development and deployment plan which would beinitiated in
FY 2001 by DOE's Transuranic and Mixed Waste Focus Area (TMFA) includes provisons for
regulatory and public involvement. Regulatory issues will be addressed by working directly with the
various sate and federa agencies (e.g., the EPA and state environmental regulators) throughout the
dternatives development process. A DOE-EPA Memorandum of Understanding is dready in place
for this purpose. Developers will be informed of the data needed for permitting purposes, and will be
notified of pending regulatory changes that may affect the future gpplicability of their dterndive
technology.

Technicd issueswill be addressed through a development effort involving sde-by-side comparisons of
emerging dternative technologies. Technologies sdected for comparative study will be reatively
mature. The comparative sudy will collect the necessary performance, design, scale-up, and
permitting data for each sdlected technology. Testing with identical waste surrogates and/or actua
wastes will ensure that each dternative technology generates comparable data.

Starting in FY 2001, the TMFA will establish facilities for the comparison tests and issue the
appropriate competitive calsto initiate the testing program in FY 2002. DOE’s Western
Environmenta Technology Office (WETO) in Butte, Montanawill support the mgority of the
comparison testing, and would be equipped with the required additional monitoring and andytica
equipment in FY 2001. Based on the competitive solicitation issued in FY 2001, three to five primary
dternative treatment processes would be sdected for comparison testing at WETO in FY 2002. The
current strategy is to select enough processes to represent the three generd classes of dternatives:
thermal, agqueous-based chemica oxidation, and separations.

The two-year long comparative study of mature dternatives will be supplemented with a series of basic
science research efforts and with development activities to optimize the auxiliary systems required for
completely integrated dternative methods. The effortsin basic science research would span three
years and, a aminimum, would include studies in materids research, off-gas pollutant formation, and

o “Adequacy Analysis of the Environmental Quality Research and Development Portfolio” (September 2000).
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long-term waste form gtability. Auxiliary system testing would include activities involving pretreatment,
wadte feed pre-gzing, off-gas monitoring, and residue stabilization. Upon completion of the
comparison testing in FY 2003, two to three of the better performing aternatives would be sdlected for
integrated prototype testing, starting in early FY 2005. If gppropriate, the current plan is to conduct
thisfina test phase at asingle location. Integrated testing is expected to last at least two years and to
culminate with deployments by FY 2007.

Following extended discussion at its October public meeting in Denver, the Pandl asked DOE &ff to
provide initid estimates of budget impacts associated with the principa eements of its preliminary draft
plan, which are summarized below.

B. ThePand’s Conclusons and Recommendations Regar ding the DOE Plan

The Pand gppreciates and generdly supports DOE’ s substantia ongoing efforts to devise a strategy for
developing technologica dternatives to incineration. This section presents our recommendations for
designing and executing that Strategy. |If these recommendations are followed, the Pand believes that
DOE should be able to achieve results cons stent with the deadline of the Idaho agreement, other
regulatory requirements, and broader public interest considerations gpplicable to mixed waste
throughout the nation.

BUDGETARY NEEDS: It isthe view of the Pand that the TMFA is not funded adequatdly to
underwrite the testing of the technological dternativesto incineration. As an essentid first step, the
Pand endorses the budget additions summarized in Table 4. These additions reflect an andyss
prepared by DOE staff at the Pand’ s request, based on the new DOE RDD& D plan that is described
in Section 1V-A. The Pand has not tried to dlocate the additions among the line itemsin Table 4 (that
is properly a DOE management function), but urgent needs start with proof testing of candidate
technologies, usang the actud materidsinvolved. Even focusing only on the rdaively mature
dternaives with the most immediate promise of meeting commitments to the State of 1daho, none have
had the benefit of demongtration of capability to treat the wastes at issue here. And longer-term
dternatives that appear to have advantages in overdl robustness or in specialized areas with potentia
gpplication across the DOE complex, need not only testing but extensive developmental work. The
Panel dso believes that more basic work on processes will identify much-improved dternatives that
could pay off handsomely down the road. Adequate funding is necessary to make dl of this possible.
The Pand intends no implication that any other DOE budget alocation should be reduced to
accommodate its proposal.

For materids specificadly requiring trestment in lieu of incineration, there is no subgtitute for proof
testing of each process with the actud materidsto be treated. Testing of surrogate materias can cregte
consderable useful knowledge, but only testing with actua materids will reved the inevitable surprises
that are experienced in practice. For example, some eements, notably americium, can be difficult to
contain. Where there is plutonium there is americium.” For both, adequate confinement is crucid.
Worker exposure to both is of the highest concern, and worker uptake of transuranics must be zero.
Processes that break down very stable compounds such as PCBs are of necessity vigorous, and
edtablishing where the transuranics go is of considerable importance to the viability of the process.

10 py-241 decays with a 14-year half-life to produce Am-241.



Such testing will cost in the range of severd million dollars ayear, with totd costs ultimately in the range
of afew tens of millions. But the cogts of falure are in the hundreds of millions of dollars, and much
more than dollarsis a stake. In light of the attention that has now been focused on the issue, and the
likelihood of continued skeptica scrutiny by the public and by the states involved, even partid success
will not be good enough.

The Pand believes that some of the unsuccessful effortsin the past to ded with the waste in Idaho
might have been avoided if more adequate proof testing had been done before large commitments were
made. For this reason, the Pand has strong convictions about the vaue of proof testing. Where as
here, good faith isin question, and testing beyond that dictated by norma engineering consderaionsis
advisable. Economies made possible without adequate vaidation would be unwise.

The Panel concludes that the TMFA at INEEL isthelogica home for coordinating this testing work.
The testing program should be cognizant of and responsive to the needs of the entire DOE complex.
Such testing can be expected to settle the issue of adequacy of process. It should dso giveared and
pa pable demondration of Departmenta good faith in doing al that could reasonably be asked in
accomplishing what needs to be done. Put directly, proven success through properly directed testing
provides the best hope of diminating the need for incineration. For al these reasons, we believe this
work should be given high priority.

Table4. Preiminary Analysis of Budget Impact of Draft RDD&D Plan for Alternatives to
Incineration. (All vaues are shown in millions of dollars).

[CAUTION: Thisdraft budget has not been fully reviewed internally at the DOE and does not necessarily represent its
views or recommendations.]

ACTIVITY 2001 2002 2003 2004 TOTALS
Original | Pane Original | Pand Panel Panel Original | Pand
Version Version Version Version Version
TECHNICAL 9 20 29 28 87
Comparison Testing and Developments
Competed Alternatives .05 .05
Surrogate Testing 450 16.50
Actual Waste Testing 16.00
Leveraged Alternatives 1.80* 5.80
Prepare Test Facilities to Host Comparisons 25 25
Specific Development for Transuranic Waste | 2.10 1.70 8.30
Integrated Demonstrations 4.00
Basic Science and Applied Research ** 75 3.00 19.75
Testing of Auxiliary Systems .70 50 2.25
REGULATORY .10 4 .10 5 5 5 1.20 2
STAKEHOLDER .05* 5 .05 5 5 5 1.10 2
TOTALS [575 | 10 [990 | 21 | 30 | 290 [ 552 | &

* Draft RDD&D planis preliminary and has not been fully developed or reviewed internally
** Thereis aresearch proposal call planned for FY 2002 to solicit solutionsto TRU/Mixed Waste problems

Thiswork is useful, however, only if it underlies and supports actud treatment of the waste. Successful
proof testing only showstheway. The Pand is concerned that mechanisms are not yet in place to
ensure that the results of such testing form the basis for the actua trestment. Thereisa contract in
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place with BNFL, and DOE continues to emphasi ze privatization of the trestment process. The Panel
has no comment on this, one way or the other. But the Panel does have a view that there is an unmet
need for organizationd definition, to ensure that technology with the grestest chance of successisin fact
implemented. The very formation of the Panel indicates that the Stuation in Idaho requires DOE to
assume full responsibility for whether or not the waste trestment processes are satisfactory for the task
a hand.

It is not sufficient to say that successis the responsbility of the contractor. Nothing must be alowed to
get in the way of sdection, testing, implementation and deployment of a technology or technologies
that, in this sengtive Stuation, will get the job done, while aso demondtrating good faith to dl parties
with an interest in seeing that the job is getting done well. Commercid interests associated with a
privatized project must not dictate the selection and testing of specific technologies; much more weight
should be given to the mgor benefit flowing to the nation from a proven technology for this class of
waste. For beyond the measures necessary to resolve the impasse that produced this Panel, there are
the volumes of buried TRU wagte that we addressed previoudy in this report, aswell as other TRU
wadte across the complex, both from legacy and from on-going and future program and
decommissioning activities. Some of thiswaste will need trestment.

Also in thisregard, the Pandl underscores its strong support for increased and continuing basic scientific
and developmental work over the longer term on processes to ded with mixed waste. We are aware
of and gpplaud the TMFA plans to deploy aternatives to incineration across the DOE complex by
2007. But the nation has what is often called *a 50-year problem,” involving both legacy and ongoing
wadte generation. Breakthroughs in cost, convenience and safety of processes are possble only if
pursued. A smple andogy may be useful: the end-dl in air trangport was thought to have been
achieved by 1939, until proof of the jet engine changed the picture completely. In the mixed waste
area, the huge costs contemplated across the nation reinforce the importance of continued search for
more and better technologica dternatives.

Findly, the Pand believes strongly that its budgetary recommendations should be supported with an
infusion of new federa funds rather than internd transfers from other vitd efforts to solve problems
associated with mixed waste, buried wastes at INEEL and elsawhere, and high-level radioactive waste.

TECHNOLOGY INTEGRATION: DOE should make every reasonable effort to ensure that the
Pandl’ s recommended dternatives are included in the comparative and integration phases of its
RDD&D process. DOE’'semphasison ‘near ready’ or ‘mature’ technologies should not preclude
further evauation of innovative aternatives, and the proposed RDD& D schedule amost certainly will
have to be extended to alow full assessment of such technologies.

SYSTEMS APPROACH: In evauaing the most promising aternatives to incineration, the Pand urges
the DOE to take a systems gpproach, and to consider the aternative technologies (especidly the air
effluent containment technologies) as a system under both norma and upset conditions. For example,
under upset conditions, will fire suppresson systems plug HEPA filters at atime when they are most
needed? In particular, the Pand urges rigorous evauation of whether the rdiability and efficacy of the
various effluent control sysemswill be sufficient to protect workers, the public, and the environment.
In other words, will these systems meet gppropriate standards after accounting for the probability of
upset conditions aswell as norma conditions? The Pand aso urges DOE and other federd agencies
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independently to evauate the ar effluent containment systems with surrogate and dpha-emitting waste,
to determine the appropriate decontamination factors.

TECHNOLOGY EVALUATION: DOE should use the Pand’ s seven criteriain evauating dterndive
technologiesin the comparative and integration phases of the RDD&D. The primary emphasis should
be on the dternative s protection of the environment, safety, and hedlth.

PUBLIC INVOLVEMENT: The DOE plan summarized in Section I'V-A recognizes the need to
develop and maintain full and meaningful public involvement throughout the RDD& D process,
particularly in the evauation and implementation of any technology for the INEEL TRU and mixed
wadte. Specificaly, the Panel recommends that DOE should follow the example of the Army’s
chemica weapons disposa program by broadening stakeholder outreach beyond the agency’s Site-
based Citizen Advisory Boards (CABS) by making sufficient, specific budgetary provison for technical
assisance to committees of citizen advisors, and findly by ensuring ongoing involvement by those
committees throughout the RDD& D process. These committees aso should have arole in the peer
review process that DOE uses to eva uate technology aternatives.

The Panel believes that citizen stakeholder involvement at al stages of the processis essentid for
successful deployment of wagte treatment technologies.  Citizen stakeholders should include people of
various expertise from around the country and region.

The Panel encourages the Department in its attempts to involve the public and to include fundsin its FY
2001 and later budgets for that purpose. Broad-based and meaningful public involvement requires
both expenditures and a carefully thought out disbursement process. The Pandl endorses a 2001
nationd conference on dternative technologies to incineration, and feds it isimportant and necessary
for DOE to involve, in both the Steering Committee (see principles below) and the conference itsdlf,
not only the locad CABs but dso dtate, loca and triba governments, and nationd environmentd, labor
and other relevant policy groups with interests, commitment and expertise on the issues. Conference
objectives should include public education, and discussion of an ongoing role for stakeholder groupsin
the RDD&D process. A third party facilitator and participation by interested companies and agencies
are aso recommended.

The Pand’ s recommendations for public involvement reflect these principles:

The nationd conference on aternatives to incineration should be planned through a Steering
Committee, as described above, which should be charged with ensuring that major
stakeholders participate.

Organization of the conference should include a group of public representatives from al of the
regions where the dternative technologies to incineration may be candidates for use at DOE
Stes.

Opportunities should be provided for ongoing public participation in periodicaly assessng the

progress of the technology developments on aternatives, e.g., the peer review process.

State and EPA regiond regulators for DOE sites should be kept informed or invited to
periodicaly attend information reviews on the technology dternatives.
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Financia assstance should be provided to reimburse expenses for ongoing public participation
and to engage, as needed, independent experts responsive to the needs of the public
representatives.

Discussions of methods to organize and continue public participation at the nationd level should
be amagjor topic at the 2001 conference.

NEXT STEPS FOR DOE AND SEAB: The Pand expects that the DOE draft RDD& D, outlined in
Section IV-A, will change in response to the Pand's recommendations. The Pandl’s recommendations
for technologica development should be followed without arbitrarinessin the early assgnment of
priorities among technologies and processes. In particular, DOE should first categorize in detall the
wastes that need to be treated, then, link the actual wastes to processes in proposed work scopes. To
samplify for enphasis. DOE must identify which processes are to treat what wadtes.

DOE'sinitid sdections of dternative technologies should be made on the basis of the Pandl
recommendations. The Pand isaso vitdly interested in the science-based portion of the DOE plan.
Given the likelihood that the DOE plan itsdf will changein light of this report, the Pandl asks the fulll
SEAB to review progress and continue to advise the Secretary on these matters after the Department
has had the opportunity to recast itsinitia proposal to reflect the Pand’ s findings and
recommendetions.
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Secretary of Energy Advisory Board
Panel on Emerging Technologica Alternatives to Incineration

Terms of Reference

Objectives and Scope of Activities:

To evduate and recommend emerging nonincineration technologies efforts for treatment and
disposa of mixed waste on which the Assstant Secretary of Environmental Management’s
Office of Science and Technology should focus efforts for development, testing, permitting and
deployment. The Pand will evauate the technologies according to the criteria set forth in this
charter.

Background:

Secretary Bill Richardson established the Panel to assess and recommend technological
initiatives that the department should pursue to establish aternatives to incineration. The Pandl
was an important component of the Secretary’ s decision to postpone construction of an
incinerator to treat nuclear waste stored at the Departments Idaho Nationa Engineering and
Environmenta Laboratory (INEEL).

Description of the Panel's Duties:

The SEAB Pand on Emerging Technologicd Alternatives to Incineration will evaluate and
recommend emerging nonincineration technologies for treatment and disposa of mixed waste on
which the Assstant Secretary of Environmental Management’ s Office of Science and
Technology should focus efforts for devel opment, testing, permitting, and deployment.

The Pand will evauate technologiesto treet low-level, dphalow-level and transuranic wastes
containing polychlorinated biphenyls (PCBs) and hazardous congtituents, including the up to
14,000 cubic meters of such wastes that the DOE had planned to incinerate in the Advanced
Mixed Waste Treatment Facility (AMWTF) at INEEL.

The Pand will dso evauate whether these technologies could be implemented in a manner that
would dlow the department to comply with dl the legd requirements, including those contained
in the Settlement Agreement and Consent Order signed by the State of 1daho, DOE, and the
Navy in October 1995. That agreement requires the Department to remove 65,000 cubic
meters of waste at the INEEL from Idaho by the end of 2018. The evaluation should aso
address the technical concerns raised by the public about the incinerator DOE has proposed as
part of the AMWTF.

As a Subpand of the Secretary of Energy Advisory Board, the Pand’ s finad document will be a



report that will be presented in a public forum. A copy of the report will be posted on the web
Ste and made available to the public prior to its presentation to alow the public to prepare
questions and comments. Opportunities for public comment will be made throughout the
process.

Reporting:

The Panel should complete its evauation and provide recommendations and areport to the
Secretary through the SEAB no later than December 15, 2000. Results of the Pand’s
evauation and recommendations will be shared with the Governors of 1daho and Wyoming and
the public.

Estimated Number and Frequency of Mesetings:
The Pand is expected to meet at least four times before December 15. Meetings will be
scheduled as the Panel deems necessary to accomplish its duties and purposes.

Member ship:

The Pand will congst of nine members who have expertise and experience in the management
of hazardous wastes and related trestment technologies. DOE has nominated five members. The
Governors of Idaho and Wyoming have nominated one each. The Pand will aso include two
representatives nominated by public interest groups.

Chair of the Pandl:
The Secretary of Energy, in consultation with the Governors of 1daho and Wyoming, will select
the Chair.

Working Groups:

To fadilitate the functioning of the Pand, it may establish working groups on its own initiative,
Working groups would undertake fact finding and analysis on behaf of the Pand with respect to
meatters within the charter of the Panel. Given the broad range of issues to be considered, the
Panel may ask working groups to explore certain issuesin greater detail. For example, the Panel
may ask smdler groups of two or three individuas to review various categories of technologies
or specific problems in greeter detail. Working groups will report back to the full Pand.

The Chair (or Co-chairs), in consultation with the department, will gppoint members of any
working groups established by the Panel. Working groups may include members who are not
members of the Pand in order that the Panel may obtain additiona expertise. Working groups
will meet as the Panel deems appropriate.

Duration and Termination Date:
This charter shall expire on December 15, 2000 subject to extension or dissolution by the
Secretary of Energy.
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APPENDIX I
Biographical Summaries of Panel Members

Ralph Cavanagh, Chairman, isa senior staff attorney at the San Francisco office the Natural
Resources Defense Council (NRDC), a nonprofit environmental-advocacy organization. Prior
to rgjoining NRDC, Mr. Cavanagh served as an attorney-advisor to the U.S. Department of
Justice. He has held appointments as alecturer at Stanford and Harvard Law Schools and
vigting professor of law at the University of Cdiforniaat Berkeey (Bodt Hall). He served on
the Energy Engineering Board of the National Academy of Sciences (1987-93), and asvice
chair of the Codition on Energy Efficiency and Renewable Energy Technologies (CEERT). Mr.
Cavanagh has dso served on the Energy Subcommittee of the President's Commission on
Environmentd Qudity and the Advisory Council of the Electric Power Research Company. He
received his undergraduate and law degrees from Yae University.

Dr. Mario Molina, Vice-Chairman, is Ingtitute Professor at the Massachusetts I ndtitute of
Technology. He was awarded the Nobe Prize in Chemistry in 1995 for the discovery of the
theory that fluorocarbons deplete the ozone layer of the stratosphere. He was a Jet Propulsion
Lab Senior Research Scientist for the California Ingtitute of Technology. In addition, he has
been a researcher, and associate professor a the University of Cdifornia. He received his
Bacheors degree from the Universdad Naciond Autonoma de Mexico and adoctorate in
physica chemigtry from the Universty of Cdiforniaat Berkeey.

Dr. Carl Anderson is currently the manager of the Wyoming Department of Environmenta
Quadlity’ s hazardous waste permitting and corrective action program, which he helped develop
and implement in 1995. He has broad experience in al aspects of hazardous waste permitting
and corrective action, including remedid technologies. Dr. Anderson recelved Bachdors and
Madters degrees in geology from Idaho State University and a doctorate in geology from the
Universty of Wyoming.

Andrew Athy, Jr. isa partner in the Washington, D.C. law firm of O’'Neill, Athy and Casgy. In
January 1999, Secretary Richardson named Athy chairman of the Secretary of Energy Advisory
Board. From 1978 to 1981, he served as counsd to the U.S. House of Representatives Energy
and Commerce Subcommittee on Energy and Power; from 1976 to 1978, he was an attorney
in the Office of Generad Counsdl of the Federa Election Commission; and from 1973 to 1975,
Athy was Assgant Attorney Generd in the Crimind Divison of the Commonwedth of
Massachusetts. Mr. Athy received an undergraduate degree from the University of Pennsylvania
and alaw degree from the Georgetown University Law Center.

Paul Bardackeisafounding partner in the New Mexico law firm of Eaves, Bardacke, Baugh,
Kierst & Kiernan. He was previoudy a partner in the law firm Sutin, Thayer & Browne. Mr.
Bardacke served as Attorney Generd for the state of New Mexico (1983 to 1986) and was
appointed Specid U.S. Attorney for the Digtrict of New Mexico (1984 to 1985). Heisa
Fellow of the American College of Trid Lawyers and is dso amember of the American, New



Mexico and Cdlifornia Bar Associations. In hislegd career, Mr. Bardacke has addressed a
number of environmenta cases, including cases involving the safety and regulatory requirements
of hazardous waste incineration. He recelved a Bachelors degree cum laude from the University
of Cdiforniaa Santa Barbara and alaw degree from the University of Cdiforniaa Berkeley.

Robert J. Budnitzis Presdent of Future Resources Associates Inc. in Berkeley, Cdifornia
Previoudy, he served as Deputy Director and Director of the U.S. Nuclear Regulatory
Commission's Office of Nuclear Regulatory Research, and he dso held severd management
positions at the Lawrence Berkeley Laboratory of the Universty of Cdifornia. His professond
expertise and interests have focused on the environmental impacts, hazards, and safety analysis
of nuclear materids, particularly of the nuclear fud cycle. He has been prominent in the field of
nuclear reactor safety assessment and waste-repository performance assessment, including
probabilitic risk assessment. Dr. Budnitz has served on numerous investigetive and advisory
pands of scientific societies, government agencies, and committees of the National Research
Council. His most recent National Research Council service was with the Board on Radioactive
Waste Management Committee on Buried and Tank Wastes and the Committee on Technical
Bases for Y ucca Mountain Standards. He received a Bachel ors degree from Y ae University
and a doctorate degree in physics from Harvard Universty.

Gretchen Long Glickman isaresdent of Jackson, Wyoming. She is Chairman of the Board
of Trustees of the Ingtitute of Ecosystem Studies based in Millbrook, N.Y . She also serves as
the Vice Chairman of the Nationa Parks Conservation Association; Chairman of the Murie
Center in Jackson, Wyo.; a Trustee of the Teton Science School in Jackson, Wyo.; and a
Trustee of the D.C.-based Railsto Trails Conservancy. Ms. Long Glickman is a graduate of
Harvard Business School and was a professona executive search consultant during her
business career. Sheisthe past Vice Chairman of Environmental Defense and the past
Chairman of National Outdoor Leadership School (NOLS) and past Chairman of the Greater
Y dlowstone Codition.

Dr. Marvin Resnikoff is Senior Associate at Radioactive Waste Management Associatesin
New York City and has concentrated exclusively on radioactive waste issues since 1974. He
was formerly Research Director of the Radioactive Waste Campaign, during which time he
authored Living Without Landfills, the Campaign's book on ‘low-level” waste, and co-authored
Deadly Defense, A Citizen Guide to Military Landfills. Heis an expert in nuclear waste
management and has testified often before State L egidatures and the U.S. Congress. Dr.
Resnikoff has prepared numerous reports on incineration of radioactive materials, trangportation
of irradiated fud and plutonium, reprocessing, and management of low-level radioactive waste.
He has conducted studies on the remediation and closure of the lesking Maxey Hats, Kentucky,
radioactive landfill, the Wayne and Maywood, New Jersey, thorium superfund Sites and on
proposed low-level radioactive waste facilities at Martinsville (IL), Boyd County (NE), Wake
County (NC), Ward Valley (CA), and Hudspeth County (TX). He has conducted studies on
trangportation accident risks and probabilities for the State of Nevada and is currently technica
consultant to the State of Utah on the proposed dry cask storage facility and proposed



sorage/transportation casks. Dr. Resnikoff isa 1965 graduate of the University of Michigan
with a Doctor of Philosophy in Theoretica Physics.

Dr. CharlesTill served asthe Associate Laboratory Director for Engineering Research,
Argonne National Laboratory from 1980 to 1998. In thisrole he directed dl fisson reactor
work, aong with fusion, non-nuclear energy supply R& D, chemica engineering, and gpplied
materias technology, programs which comprised about haf of al scientific activities a the
Laboratory. An internationaly recognized expert in matters dealing with nuclear power, nuclear
wadte, and nuclear safety, he was Chairman of the Nuclear Energy Agency Committee on
Reactor Physics from 1978 to 1980, which coordinated such development worldwide. He was
Technical Director of the Fast Reactor Working Group for U.S. participation in the Internationa
Nuclear Fud Cycle Evauation, whose purpose was to limit proliferation risk from civilian
reactor activities. He received his Ph.D. in nuclear engineering from the Imperid College,
Univerdty of London, England. He is a member of the Nationd Academy of Engineering and a
Fdlow of the American Nuclear Society.
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APPENDIX Il
Request For Information (RFI), Commerce Business Daily (CBD)
Announcement and List of Responders

[Commerce Business Daily: Posted in CBDNet on August 25, 2000][Printed Issue Date:
August 29, 2000] From the Commerce Business Daily Online via GPO Access
[cbdnet.access.gpo.gov]

SUBJECT: REQUEST FOR DATA AND INFORMATION ON ALTERNATIVE
TECHNOLOGIES TO INCINERATION FOR MIXED TRANSURANIC AND ALPHA
LOW-LEVEL WASTE

DESCRIPTION: Request for Information DEPARTMENT OF ENERGY

The U.S. DOE is seeking information on emerging technologies as dternatives to incineration for
review by the Secretary of Energy Scientific Advisory Board, Blue Ribbon Panel on Emerging
Technologicd Alternativesto Incineration. Thisis not a solicitation announcement for proposas
and no contract will be awarded as a direct result of the information provided. No
reimbursements will be made for any costs associated with preparation of responsesto this
request.

ACTION: Request for data and information on aternative technologies to incineration for mixed
transuranic and dphalow-level waste.

SUMMARY : The Department of Energy (DOE) seeks information from firms and organizations
with cgpabilities and interest in existing and emerging nonincineration technologies for the
trestment of Mixed Alphaand Mixed Transuranic (TRU) waste currently being Stored at the
Idaho Nationa Engineering and Environmental Laboratory (INEEL ). The information is sought
to inform the Blue Ribbon Panel on Emerging Technologica Alterndtivesto Incineration. The
Pand, as part of the Secretary's Energy Advisory Board, isaduly congtituted advisory
committee under the Federd Advisory Committee Act (FACA) governed by the Act'srules.

DATES:. Submit data and information within 30 days of this announcement.

ADDRESSES: All responses should be in writing and be provided to the Executive Director of
the Secretary of Energy Advisory Board, Mary Louise Wagner, US Department of Energy,
Forrestd Building, 1000 Independence Avenue, Washington D.C. 20585. It should be marked
Attention: Blue Ribbon Panel on Alternatives to Incineration.

SUPPLEMENTARY INFORMATION

Background: INEEL isone of DOE's primary centers for research and development activities
on reactor performance, materids testing, environmenta monitoring, natural resources research



and planning, and waste processing. In addition to nuclear reactor research, INEEL supports
reactor operations; processing and storage of high-level waste (HLW), low-level mixed waste
(LLMW), and low-level waste (LLW); the disposal of LLW; and, storage of TRU waste
generated by defense program activities. DOE has been storing TRU waste at the INEEL since
the early 1970s.

The Settlement Agreement and Consent Order sSigned by the State of 1daho, DOE, and the
Navy requires the remova of thiswaste by 2018. To treat the TRU and apha contaminated
mixed waste a INEEL, the Department is planning an Advanced Mixed Waste Treatment
Project (AMWTP) to be constructed and operated at INEEL . Although incineration was
initidly proposed as part of thisfacility, the Secretary has chosen to postpone the incinerator
and await the recommendation of the Blue Ribbon Pand on emerging technological dternatives
that may be capable of treating the waste. Accordingly, the Department has requested the State
of Idaho and EPA only proceed with regulatory approva of the non-incineration components of
the AMWTP. Currently, DOE is committed to the god of identifying environmentaly sound
dternatives to incineration.

The Secretary of Energy has appointed the Pandl to eva uate and recommend new technology
initigtives that the Department should consder as dternatives to incineration of mixed transuranic
and mixed apha bearing waste that include shipment of the TRU waste to the Waste |solation
Rilot Plant in New Mexico. In particular, the Pand will assess emerging technologies that could
treat such wastes contaminated with polychlorinated biphenyls (PCBs) and other hazardous
congtituents. The Panel is then to make recommendations to the DOE by December 15, 2000
regarding aternatives.

Request for Data and Information: Information provided in response to this RFl will be the
sole source made available from industrial and academic organizations to the Pand as the means
by which the Panel can review and consider dternatives from the industriad and public
perspective. The Pand seeks information that may not be under the purview of the Department
of Energy and associated laboratories and contractors. This request for information is voluntary
and solely for the purposes of the Panel review. No individua response back to the providers of
the information is planned but rather the Pane report will reflect consderation of the input
received from responses to this RFI.

Although the Panel would prefer to review non-proprietary information, proprietary information
will be accepted. If you wish to include proprietary information in your response, the title page
of the response must be marked with the following legend:

Use and Disclosure of Proprietary Information  This document includes proprietary information
that shall not be disclosed outside the Pandl and shall not be duplicated, used, or disclosed--in
whole or in part--for any purpose other than review by the Panel. This restriction does not limit
the right of the Pand, its members, or the Government to use information contained in the
proprietary information if they are obtained from another source without restriction. The
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information subject to this restriction is contained on pages [insert page numberg|.
Y ou shdl aso mark each page containing proprietary information with the following legend:

"Use or disclosure of information contained on this page is subject to the restriction on thettitle
page of this document.”

The Pand will use the information provided to evauate and recommend gpproaches and focus
to be taken by the Department concerning the development, testing, permitting, and deployment
of emerging non-incineration technologies.

This RFl is not an opportunity or obligation to provide goods or servicesto DOE. All
information provided is drictly voluntary without expectations of remuneration from the
Department. Responses to this RF should address each of the criterion listed on the following
page. Limit responses to no more than atotal of 35 typed pages using afont sze of no less than
10 point, Arid or smilar. Responses must include a one-two page overview of the technology
or system, as well as a one-page table that summarizes the key characteristics for each of the
seven individud criteria. To be considered, al responses are due within 30 caendar days of the
date of this RFI notice.

The Panel has sdlected criteria as guidelines for making recommendations to the Department on
emerging dternative technologies. Information supplied in response to this R should indicate
the Satus data, knowledge, testing, and operating experience relaive to following criteria

1. Environmentd, Safety and Hedlth (ES& H) Risk Congderations (Describe the safety
of the system, potentid ES& H risks and the difficulty in designing and congtructing a
system to meet the safety and environmenta hedlth requirements in radioactive service))

2. Stakeholder and Regulatory Interests (Describe the degree to which there may be
resstance or ddaysin implementing the technology or system due to ether public
concerns or regulaory requirements.)

3. Functiona and Technica Performance (Describe the technica performance of the
trestment process to include destruction efficiency, volume reduction capability,
secondary waste generation, robustness and flexibility of the system to process diverse
types of waste, final waste form performance & characterigtics, and its capability to be

shipped.)

4. Operationd Rdiability (Describe the rdiability and availability of the trestment
process, its complexity, and the potential exposure to maintenance workers.)

5. Pre- and Pogt-Treatment (Describe the pre-treatment and post-treatment
requirements of the waste including expected amounts and the requirements for tregting
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the effluents from the process.)

6. Economic Viability (Describe the totd life-cycle cost of the system, the cost per unit
volume of wadte treated, the market for the technology, and the potentia that the
technology will be commercidly avalable to treat the waste))

7. Maurity (Describe the level of development of the technology, field experience with
the technology in radioactive service, and whether the technology will be available in the
time frame required, i.e., removd of thiswaste by 2018.)

Mogt of the waste treated at the AMWTP will be packaged for shipment offsite for disposd at
the Waste |solation Filot Plant (WIPP) near Carlsbad, New Mexico. AlphaLLMW must be
treated to comply with RCRA land disposd redtriction (LDR) standards and the mixed TRU
waste must be treated to meet the WIPP waste acceptance criteria (WAC). WIPP WAC
physica propertiesinclude: Free liquid content is less than 1 volume percent of externa
container; or lessthan 1 inch or 2.5 cm in bottom of internal containers; no sealed containers
greater than 4 liters.

WIPP WAC chemicd properties are: less than 1percent radionuclide pyrophorics, no non-
radionuclide pyrophorics, hazardous waste characterized in accordance with approved site-
specific criterialimited to RCRA hazardous waste codes as listed in WIPP WAC Table 3.5.2;
no chemicas or materias that are incompatible; no explosives, corrosives or compressed gases,
PCB concentration less than 50 ppm; wastes containing asbestos should be identified; every
container headspace will be sampled for volatile organic compounds. Additiond information on
WIPP WAC should be reviewed at http:/Aww.wipp.carl shad.nm.us/wipp.htm.

Suitable non-incineration technology must be available in time to complete the trestment and
shipment of aminimum of about 3000 cubic meters of INEEL TRU wagte. Certain wastes will
require dternative trestment prior to shipment to WIPP or land disposdl if incineration is not
used. Such wastes may contain the following contaminants:

Polychlorinated biphenyls (PCBs) in concentrations equal to or greater than 50 parts per million
(ppm), Containers with a potentid for a flammable concentration of gas in the headspace due to
the presence of volatile organic compounds (VOCs) or from significant hydrogen gas
generation dueto radiolyss, Containers with free liquids, Reactive or pyrophoric materias.
Bulk composition of these wastes includes paper, oils and other organics, cloth, metas, glass,
empty bottles and absorbent, and process dudges.
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AEA Technology Eng. Services
ATG

CerOx Corporation

Clean Technology Int'
Commodore Advanced Sciences
Déephi Research Inc
DURATEK

Electro-Pyrolyss, Inc
Environmental Technology
Environmental Waste Internationa
Generd Atomics

High Mesa Technologies
Integrated Environmental Tech.
MicroBasx

Nukem Nuclear Technologies
Perma-Fix

RACE, LLC

SAIC

SEPRADY NE Corp.
STUDSVIK, Inc.
Westinghouse Plasma Corp.
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APPENDIX IV

Waste Streams Potentially Requiring Treatment at AMWTP, by CharlesTill

Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001

D002

Volume (m°®)

Comment

003

Organic setups, ail soils

X

~ 1425

A fraction of this waste is expected to be contaminated with PCB’sin excess of
50 ppm, the current WIPP limit. The organic setups waste were produced from
treatment of liquid organic wastes generated by various plutonium and
nonplutonium operations. The organic wastes were mixed with calcium slicate to
form a grease paste-like materid. Smal amounts of oil-dri absorbent were
usudly mixed with the wagte.

Organic wastes such as degreasing agents (primarily trichloroethane), lathe
coolant (machining oil and carbon tetrachloride), and hydraulic were are
generated primarily by plutonium fabrication operations. Other organic wastes
include carbon tetrachloride; trichloroethylene; hydraulic, gearbox, and spindle-
oils, and trace concentrations of miscellaneous organic laboratory wastes.
(organophosphates, nitrobenzene, etc.) 1n addition, unknown volumes of ail
containing polychlorinated biphenyls (PCB) were processed with other organic
wastes until 1979. Degreasing solvents generated by operations are
contaminated with beryllium. A typica 55 ga drum contains approximately 30
gd of organic waste and 100 Ib of cacium slicate.

This stream is amgjor contributor to the wastes requiring treatment either asa
result of PCB contamination or because of the presence of flammable VOCs.
BNFL Inc. believes that approximately 80percent of the waste in this category
will require trestment, with PCB contamination driving the trestment of afew
hundred n? of the waste.




Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001

D002

Volume ()

Comment

203

Peaper, meta, and glass

X

26.3

Thiswaste stream is listed in the HWMA/TSCA permit application as a PCB
waste stream.  This waste stream, generated at Battelle Columbus Laboratories,
contains amixture of combustible and noncombustible items in roughly equd
proportions. Combustible items include paper and paper products.
Noncombustibles are primarily meta and some glass.

The organic content is about 9 1b/ft3 in drums and about 5 1b/ft3 in bins.
Combustibles, including packaging, may exceed 25 volume percent. The levels
of dispersible fines should be within WIPP-WAC limits. No dudges or free
liquids should be present. No explosive or pyrophoric materials should bein this
waste.

ThisIDC isardatively low volume stream but 203 carries a.code for PCBs and
thus requires treetment. The PCB contamination is contained in 1-gallon metd
cans (estimated at 20 1-gallon metd cans))
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Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001

D002

Volume ()

Comment

001

Firg stage dudge

X

2888.7

This waste consists of awet sludge produced from treating agueous process wastes,
such as ion exchange column effluent, distillates, and caustic scrub solutions
generated by Plutonium Recovery Operations at Rocky Flats (Building 771). Portland
cement was added to the waste package for absorption of free liquids. Waste drums
may periodically contain surgeon’s gloves.

Since the fall of 1979, first-stage sludge (IDC 001) and Second stage sludge (IDC
002) were combined into Content Code 1 - Combined sludge.

Sludge was produced by treating aqueous wastes by the carrier precipitation process.
Aqueous wastes were made basic, if necessary, with sodium hydroxide. Radioactive
elements such as plutonium and americium were chemically precipitated from the
liquid waste. Treatment chemicals included ferric sulfate, calcium chloride,
magnesium sulfate, and flocculating agents. The treatment process produced a
precipitate of the hydrated oxides of iron, magnesium, aluminum, silicon, etc., which
also carried the hydrated oxides of plutonium and americium. The precipitate or
slurry was filtered to produce a sludge containing 50 to 70 weight percent water.

Materials in this waste group (IDCs 001, 002 and 800) may meet the definition of
corrosivity as defined in 40 CFR 261.22 to the presence of caustic free liquids. Free
liquids were identified in some sludge drums. Analysis...indicates a pH range of 8 to
12. Although the pH does not meet the definition of corrosivity these results are
limited and may not be representative of the entire inventory. According to (RFETS
Bldg. 774) log books, the liquids treated were consistently above pH=12.5.

BNFL believes that the presence of corrosive liquids cannot be discounted, and
further that there is some possibility of flammable VOCs being present. BNFL
estimates that up to 25percent of the combined volume of IDC 001 and IDC 002 may
require treatment either to remove the free liquids or to deal with flammable VOCs.




Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001

D002

Volume ()

Comment

002

Second Stage dudge

X

2555.7

This waste consists of wet dudge produced from trestment of al other plant
radioactive and/or chemical contaminated wastes and further treatment of the
first-stage effluent. Portland cement was added to the waste package for
absorption of free liquids.

Second-stage dudge drums packaged prior to 1973 may contain other waste
such as dectric motors, bottles of chemica (usudly liquid) wastes, mercury and
lithium batteries, and smadl amounts of contaminated mercury in pint bottles,
Radlioactive sources were aso periodicaly included in second-stage drums
through 1979.

See ds0 additional comments (* Sludge was produced.....” and following) under
IDC 001.
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Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001

D002

Volume ()

Comment

800

Solidified Sudge

X

326.4

The process that produced solidified dudge from Rocky Flats Building 774 (IDC
800) was very smilar to IDC 001. The dudge was co-fed into a drum with a
diatomite and Portland cement mixture which formed a solid monalith after
curing. 1DC 800 was generated from 1986 until March 1991.

See ds0 additiond comments (“Materids in this waste group...”) under
IDCO01.

The BNFL andysis of thiswaste stream indicated that the process used in its
generation involved an immohbilization technique that might be expected to limit
the occurrence of freeliquids. BNFL therefore assumes that the probability of
this stream requiring trestment islow, and thet it will not contribute materidly to
the overdl volume requiring trestment in this group.




Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001

D002

Volume ()

Comment

007

Dried Sudge

X

1097.9

Rocky Hats solidified dudge conssts of immobilized low-level mixed waste
materias from decontamination-preci pitation and neutraization processesin the
Building 374 Liquid Waste Treatment Facility. The wastewater trestment
operation included neutraization, radioactive decontamination (precipitation),
filtration, evaporation, spray drying, salt immobilization, and filtrate dudge
immohilization. The dudge from the rotary drum vacuum filter had adry
appearance but was ill very moist. The dried dudge was transferred from the
dryer directly into a 55-galon drum. The resulting waste consisted of dispersible
fines and was assigned IDC 007.

Materidsin this group (IDCs 007, 803 and 807) may meet the definition of
corrosvity due to the presence of caudtic free liquids...it is suspected bypass
dudge generated before April 1986 may have dewatered. Free liquids..were
identified in 4 drums of IDC 007...Andysis of the liquids indicate of pH range of
710 12. Although the pH does not meet the definition of corrosvity, these
results are limited and may not be representetive of the entire inventory.
According to generator knowledge and Rocky Hats Bldg. 374 trestment log
books, the pH of liquids treated was as high as 14 and was consistently above
12.5.

BNFL notesthat thisis ardatively large waste stream and that liquids have been
detected in some drums. Although modest pH vaues of 7-12 were noted,
perhaps due to reaction with CO,, the possbility of high akdinity free liquids
cannot be precluded. In the BNFL view, thereis ahigh likelihood that these
wastes may require treetment, and possibly up to 75percent might fdl into the
trestment category.




Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001

D002

Volume ()

Comment

803

Wet dudge-cemented

X

33.6

Thiswaste congsts of dudge dried in adryer, and mixed with Portland cement
and water, which cured to form a solid monalith.

See additionad comments (“This materids in thiswaste group...” and following)
under IDC 007.

In the BNFL analysis, IDC 803 and 807 wastes were considered together with
IDC 007 asagroup. See the comments on waste volume under IDC 007.

807

Solidified bypass dudge

267.1

This waste conssts of dudge that bypassed the dryer and was mixed with
diatomite and Portland cement. IDC 807 dudgeis the same asthe IDC 007
dudge generated using the bypass system.

See additional comments (* The materias in this waste group....” and following)
under IDC 007.

In the BNFL andysis, IDC 803 and 807 wastes were considered together with
IDC 007 asagroup. See the comments on waste volume under IDC 007.
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Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001

D002

Volume ()

Comment

440

Glass

X

508.2

This waste conssts of glass generated by plutonium production, recovery,
treatment, laboratory and maintenance operations a many locations a Rocky
Fats. Thewaste conssts of items such as bottles, vids, light bulbs, labware,
glovebox windows, and process equipment.

These materids may meet the definition of ignitable due to the presence of
igniteble freeliquids. The materias themsealves are not liquid, and absorbents
were added to wastes having the potentia of generating free liquids (e.g. glass
vitals containing liquid). However, free liquids were identified in afew drums of
glasswaste. Headspace gas andysis indicates that the liquids contain
cycolhexane; an ignitable liquid.

BNFL assumes that there is a moderate possibility of this stream requiring
trestment. It is estimated that up to 50percent of the volume could fal into the
trestment category.

441

Raschig rings, unleached

348.2

Thiswaste conssts of Raschig rings (borosilicate glass rings) used to maintain
subcritical conditionsin fissle solution storage tanks that were not safe by
dimension. Unleached Raschig rings may meet the definition of corrosivity dueto
the presence of acid or caudtic free liquids. The materid in thisgroup is not a
liquid, and absorbents were added to wastes having the potentid of generating
freeliquids. However, unleached raschig rings removed from tanks that
contained acids or bases could potentialy contain corrosive fud liquids.

BNFL bdievesit unlikely that these wastes will make a significant contribution to
the trestment category.
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Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001 | D002

Volume ()

Comment

290

Sudgefilter

X

1

This waste stream, generated at Rocky Flats Plant, conssts of only one (1) drum
of wet dudge from the incinerator off-gas system, recovery building filter
plenums, pumps, etc. Content Code 290 was replaced with Code 292 in 1974.

Thiswadte contains free liquids. Organic content is less than 14 |b/ft3. No
explosive, pyrophoric, or corrosve materias should be in the waste.

The filter dudge was packaged in 1-quart ice cream cartons. Each carton was
seded. It isbelieved that each carton was bagged and sedled in aVollrath 8802
gainless sted can. Cans were assayed and then placed in groups of 20to 25in
prepared 55-gallon drums.

26




Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001 | D002

Volume ()

Comment

292

Cemented Sludge

X

135.8

Incinerator dudge (IDC 292) packaged prior to 1977 was placed in a polyvinyl
chloride bag and sedled with tape. The bag was then double-contained in plagtic
and placed in a 1-gdlon metd paint can containing Portland cement. Additiona
cement was added to the top of the waste before the paint can lid was closed.
Beginning in 1977, the dudge was collected in 2-or 4 liter Nalgene bottles.
Portland cement was added in layers as the bottled filled with dudge. The dudge
was capped with cement, the bottle lid was ingtalled, and the bottle was
double-bagged. The dudge may aso be packaged in severd plagtic bags within
the drum. Each individua package was bagged out of the glovebox and placed
in two plastic bags that were sedled with tape. The packages were assayed and
placed into a 55-galon drum. Up to 25 cans or 20 bottles were placed in a
drum depending on assay. IDC 292 may exhibit the characteristic of corrosvity
due to the presence of caudtic freeliquids.

In BNFL’ s view, this waste stream has a moderate probability of contributing to
the treated waste, perhaps as much as 75percent of the volume of IDC 290 and
292.
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Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001

D002

Volume ()

Comment

105

Empty bottle and absorbent

0.7

This waste stream consists of PE and glass bottles used to transport liquids
wades. The organic content isaround 5 Ib/ft3. The levels of dispersble fines
should be within WIPP-WAC limits. No dudges or free liquids should be
present, except for smal quantities of wet vermiculite. No explosive or
pyrophoric materias should bein the waste.

BNFL notesthat thisis avery smdl waste seam with avery low likdlihood of
requiring trestment.

802

Solidified Lab Waste

16.3

IDC 802 is not identified in the AK document as a characteristic waste. This
waste stream was generated at Mound Laboratory and consists of neoprene
gloves, neoprene O-rings, and lead-lined gloves. Limited amounts of waste from
Mound content codes 801, 804, and 812 may be included.

BNFL andysisisthat IDC 802 isasmdl volume that has alow chance of
containing cyclohexane, and that this waste stream will make no significant
contribution to the trestment category.
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Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001

D002

Volume ()

Comment

005

Evaporator Salts

X

8.0

This waste conssts of a sdt resdue generated from concentrating and drying
liquid waste from concentrating and drying liquid waste from solar evaporator
ponds. The gpproximate chemical makeup is 60percent sodium nitrate,
30percent potassium nitrate, and 10percent ‘ miscellaneous’. Limited amounts of
other wastes such as surgeons gloves, paper, rags, and metal may be found.
Portland cement was added to damp or wet salt when necessary.

Noting that the drum may contain both liquids and nitrates, BNFL believes that
up to 75percent of thislow-volume stream may require trestment.

834

High Levd Acd

187.7

This waste comes from Mound Laboratory. It congsts of acid liquids, mainly
nitric, absorbed onto a clay called Florco. The Florco isthen placed in adrum
bag in adrum lined with a 90-mil poly liner. Andytica assay vaues are avalable
for each drum.

For both IDC 834 and 835, the BNFL view isthat both streams were
extensively sorbed and are not expected to exhibit free liquids. Neutralization of
caudtic and buffering by the clay adso would tend to reduce the extremes of pH.

835

High Levd Caudtic

348.8

This waste comes from Mound Laboratory. It condsts of caustic waste and
neutralized waste liquids, absorbed onto aclay caled Florco. The Forco isthen
placed in adrum bag in adrum lined with a 90-mil poly liner. Andyticd assay
vaues are available for each drum.

See BNFL comments above under IDC 834.




Waste Streams Potentially Requiring Treatment at AMWTP

IDC

Name

D001

D002

Volume ()

Comment

811

Evaporator and Dissolver dudge X

0.8

This waste stream, generated at Mound Laboratory, consists of dry evaporator
and dissolver dudge and insoluble residue. The consstency ranges from powder
to sand-like particles. Limited amounts of other noncombustible wastes including
Content Codes 803, 805, 810, 813, 814, 826, and 832 may be included. A
few containers may have limited amounts of beryllium-contaminated wastes
including glass, paper, gloves, and sample precipitates.

The drums contain free liquids. The expected organic content in the drumsisless
than 14Ib/ft3. No explosive, pyrophoric, or corrosve materias should bein the
waste.

BNFL comments that thisis avery low volume waste stream unlikely to
contribute Sgnificantly.

430

Resin, lon Column unleached X

12.7

This waste, generated a the Rocky Hats Plant, consists of anionic and cationic
exchange resins used in the purification and recovery of plutonium and
americium, respectively. The anionic resins were DOWEX 1-X4 and the
cationic resns were DOWEX 50W-X8, both being polystyrene-divinylbenzene
copolymers.

BNFL notes that this smal-volume stream might require 10percent of the stream
volume to be tregted.

! The volumeslisted are not indicative of the amount of waste that requir es treatment--the volumes indicated are the totals for the

stream.
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APPENDIX V
Executive Summary
Transuranic and Mixed Waste Focus Area,
Alternatives to Incineration: Preliminary Research, Development,
Demonstration and Deployment (RDD&D) Plan
October 2000

For over ten years, the Department of Energy (DOE) has successfully incinerated a variety of
the organic-based mixed wastes that were generated from its past and present nuclear energy,
waste remediation, and weapons missions. However, some of these waste streams are not
amenable to efficient incineration since they contain transuranics, mercuric compounds,
explosives, and/or reactives. Additiondly, public concern over incinerator emissons, and the
recently mandated Environmental Protection Agency (EPA) requirements to enhance monitoring
and treatment of these emissions, has caused the DOE to consider closure of dl three of its
mixed waste incinerators complex wide. As aresult, the DOE’s Transuranic and Mixed Waste
Focus Area (TMFA) has established a new plan for developing, and deploying the cost
effective and timely dternative technologies necessary for replacing the role of incineration. ™

The dtrategy presented in the plan is most applicable to those wastes that will be generated in
the out years as aresult of extensive remediation and DOE site closure activities. The mgority
of the legacy mixed waste volumes immediately displaced as aresult of near —term incineration
closure may be treated through the private sector and may not be, except in specific cases,

impacted by the plan.

The prliminary plan to develop these dternative methods requires a broad range of efforts over
the various stages of development, including those of basic science research and full-scale
integrated demongtrations. To be successful, the specific development and deployment plan to
beinitiated in FY 2001 by DOE’ s Transuranic and Mixed Waste Focus Area (TMFA) must
include regulatory and public input, in addition to the traditiond technica component. The
regulatory issues are to be addressed by working directly with the various State and Federa
agencies (eg., the Environmenta Protection Agency/EPA) throughout the aternatives
development process. Through communication with these agencies, various developers will be
informed of the data needed to ensure permitting, and will be notified of pending regulatory
changes that may effect the future gpplicability of their dternative technology. Likewise
stakeholder and public issues will be addressed by presenting the strategy, aswell as periodic

1 A budget for the plan has also been prepared and it provides recommended estimates of resources for the
next four fiscal years. This budget is presented asa Tablein Section IV A. Overview of the Evolving DOE
Plan. Asindicated by the table, the present TMFA allocated FY 2001-2002 budgets are tabulated along
with arecommended plus-up budget required to address the proposed plan.
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status reports to established stakeholder groups. As aresult of the presentations, stakeholders
will play an active role in the process by providing criteriafor seecting and testing dternatives.
Additiondly, public perception will be gauged through the presentations and various efforts of

the dternatives development plan will be redirected, dtered, or terminated as appropriate.

Technica issues will be addressed through a development effort involving a Sde-by-side
comparative study of emerging dternative methods to incineration. Based, in part on an
independent peer review, methods sdlected for the study will include near reedy or relaively
meature technologies. The comparative study will involve collecting the necessary performance,
design, scale-up, and permitting data for each sdected technology. Testing with identica waste
surrogates and actua wastes will ensure that each dternative technology generates comparable
data Startingin FY 2001, the TMFA will prepare the required facilities for housing the
comparison tests and issue the appropriate competitive calsto initiate the testing program in FY
2002.

DOE's Western Environmenta Technology Office (WETO) in Butte MT will support the
magority of the comparison testing and will be equipped with the required additiona monitoring
and analytical equipment in FY2001. Based on the competitive solicitation issued in 2001,
three to five primary dternative trestment processes will be sdected for comparison testing at
WETO in FY 2002. The current strategy is to select enough processes to represent the three
generd classes of dternatives: thermal, aqueous based chemica oxidation (including

deha ogenation), and separations. In addition to the primary aternative test units to be located
a WETO, on-going tests of other dternative methods at other locations will be leveraged and
dtered in amanner to make them congistent with the comparative sudiesat WETO. A number
of these leveraged dternative methods will involve on-going TMFA funded projects dready
addressing specific DOE issues in regard to both mixed low-level and transuranic waste.  In
addition to surrogate waste testing at WETO and dternative Stes, demongtrations using actua
wadtes of interest will be performed on selected technologies with the highest potentia for
success. Additiondly, if the requested budget levels are obtained for FY-2001, limited testing
on selected technologies will be initiated as early as FY-2001.

The scheduled three-year long comparative study of near ready or mature dternatives will be
supplemented with a series of basic science research efforts, as well as with devel opment
activities to optimize the ancillary systems required for completely integrated dternative
methods. The efforts in basic science research will span three years and, at aminimum, will
include extensive sudies in materid research, off —gas pollutant formation, and long-term waste
form stability, as well as on new concepts for organic separation and destruction. Ancillary
system testing will include activities involving pretrestment, waste feed pre-szing, off —gas
monitoring, and resdue stabilization. Upon completion of the comparison testing in FY'-2004,
two to three of the higher performing aternatives will be sdected for integrated prototype
testing, starting in early FY 2006. The sdlection will be based on an additiond peer review by an
independent consulting panel as well as on any feedback received from the established public
stakeholder groups. If gppropriate, the current plan isto conduct thisfind test phase at asingle



location. Thisintegrated testing is expected to last at least two years, culminating with
deployments by 2007.



